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Introducing 
the  7200® 
Series 
5-Year 
)X^arranty. 


An  investment  in  a  7200  Series 
ventilator  is  an  investment  in 
value. 

The  floe  year  warranty. . . 
another  reason  Puritan-Bennett 
is  the  smartest  investment  you 
can  make  for  your  hospital. 

Five  years...  now  that's  value. 

For  more  information  call 
1-800-255-6773  or  FAX 
1-800-755-8075. 
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Think  Aijout  It. 


If  it  has  been  a  while  since  you've 
thought  about  reusables,  then 
think  again  about  the  different 
needs  in  your  hospital. 

In  addition  to  a  quality  line  of 
disposables,  Puritan-Bennett 
offers  a  hjll  line  of  patient  tubing 
systems  designed  specifically 
to  be  used  again  and  again. 

These  are  top  quality  products, 
highly  durable  and  completely 
safe  for  many  years  of  reuse.  With 
the  increasing  costs  of  healthcare 
products,  reusables  are  an  alter- 
native worth  considering. 

Rethink  your  patient  system 
needs.  Find  out  more  about  all 
the  reusable  products  avaulable 
from  Puritan-Bennett.  To  order, 
call  1-800-255-6773.  If  you  have 
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any  questions  about  Puritan- 
Bennett's  hospital  accessory 
products,  service  or  qucility 
write:  Gary  Lawing,  Hospital 
Accessory  Products  Develop- 
ment, Puritan-Bennett  Corpora- 
tion, 2310  Camino  Vida  Roble, 
Carlsbad,  California    92009. 
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In  deveidping  Our  new  pft  system, 
We  Achieved  A  Small  Goal. 


You'll  notice  a  sizable  difference  in  our  new  ML  Compact^ 
PFT  system  right  away. 

It  offers  a  full  range  of  tests,  inckklin^  flow-volume  loops, 
slow  VC,  MVV,  FRC  via  helium  dilution,  and  single-hreath 
DLCO  testing. 

Yet  it's  all  contained  in  a  small,  PC-compatihle  package. 
So  it  fits  in  your  office  or  lab  easily. 

It  has  a  removable  valve  Hock  that  makes  cleaning  and 
sterilization  significantly  easier  (flip  a  lever  and  the  whole 
block  drops  into  your  hand). 

And  it  uses  Microsoft'  Windows  (just  like  our  full-size 
MasterLab'),  so  if  you  can  point  and  click  with  a  mouse,  you've 
cleared  a  major  hurdle  in  mastering  the  system. 


As  for  reports,  with  ML  Compact  you  can  design  difm  to 
\ook  the  way  you  (and  Medical  Records)  want  them  to.  Put 
graphs  and  text  anywhere  —  top,  Kittom,  left,  right.  Create  as 
many  tonnats  as  you  like. 

To  get  the  big  picture,  give  us  a  call;  we'll  send  a  little 
information  your  way 

USA  and  Canada  call  toll  free: 

Domestic  Sales  800/426-0347  Canada  Sales  800  633-2888 

2121  Terry  Avenue;  Seattle,  WA  98121-2791 

Telex  3794094  QUINTON  SEA:  FAX  206223-8465 
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You  NEED  More  Pressure  In  The  ICU 


\ 
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The  BiPAP  S/T-D  pressure  support 
ventilator  system  is  an  effective 
alternative  to  volume  ventilation  in  non- 
life-support  applications. 

The  BiPAP  S,T-D  Hospital  System  is  the  only 
therapy  to  provide  mask-applied  pressure  support 
ventilation  with  leak  compensation.  Compared  to 
intubation,  this  non-invasive  mask-applied 
therapy  can  mean: 

•  Greater  patient  comfort 

•  Reduced  rates  of  infection 

•  Shorter  hospital  stays 

•  Lower  cost  of  care 

Pressure  you'll  welcome. 

The  BiPAP  S/T-D  Hospital  System  provides 
unsuqjassed  pressure  stability.  Patient-sensitive, 
breath-to-breath  technology  enables  the  BiPAP 
System  to  analyze  flow  patterns,  make 
appropriate  compensations,  and  maintain 
pressure  at  preset  levels  —  even  in  the  presence 
of  most  leaks. 

To  leam  more  about  the  BiPAP  S/T-D  Hospital 
System  call  us  at  (800)  345-6443. 


BiPAP  is  not  intended  to  provide 
the  total  ventilatory  require- 
ments of  the  patient  and  must 
not  be  used  as  a  life-support 
ventilator. 
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Abstracts 


Summaries  of  Pertinent  Articles  in  Other  Journals 


Reviews,  Statements,  and  Editorials  To  Note 

Resuscitation  Outside  the  Hospital:  What's  Lacking?(editorial) — Weaver 
WD.  N  Engl  J  Med  1991  ;325: 1437,  (Pertains  to  Gray  et  al  paper  abstracted 
below.) 

Toward  International  Consensus  on  Clinical  Aerosol  Administration — 

Pierson  DJ.  Chest  1 99 1 : 1 00: 1 1 00. 

The  Environmental  Impact  of  Chlorofluorocarbon  Use  in  Metered  Dose 

Inhalers— Balmes  JR.  Chest  1991:100:1101. 

Aerosol  Bronchodilator  Delivery  during  Mechanical  Ventilation:  Neb- 
ulizer or  Inhaler?— Hess  D.  Chest  1991:100:1103. 


Unsuccessful  Emergency  Medical 
Resuscitation:  Are  Continued  Ef- 
forts in  the  Emergency  Depart- 
ment Justified?— WA  Gray,  RJ 
Capone.  AS  Most.  N  Engl  J  Med 
1991;325:1393. 

BACKGROUND;  The  majority  of 
attempts  to  resuscitate  victims  of  pre- 
hospital cardiopulmonary  arrest  are 
unsuccessful,  and  patients  are  fre- 
quently transported  to  the  emergency 
department  for  further  resuscitation 
efforts.  We  evaluated  the  efficacy 
and  costs  of  continued  hospital  resus- 
citation for  patients  in  whom  resus- 
citation efforts  outside  the  hospital 
have  failed.  METHODS:  We  re- 
viewed the  records  of  185  patients 
presenting  to  our  emergency  depart- 
ment after  an  initially  unsuccessful, 
but  ongoing,  resuscitation  for  a  pre- 
hospital arrest  (cardiac,  respiratory, 
or  both)  by  an  emergency  medical 
team.  Prehospital  and  hospital  char- 
acteristics of  treatment  for  the  arrest 
were  identified,  and  the  patients" 
Paco:   outcomes   in   the   emergency 


room  were  ascertained.  The  hospital 
course  and  the  hospital  costs  for  the 
patients  who  were  revived  were 
determined.  RESULTS:  Over  a  19- 
month  period,  only  16  of  the  185 
patients  (9%)  were  successfully 
resuscitated  in  the  emergency  depart- 
ment and  admitted  to  the  hospital.  A 
shorter  duration  of  prehospital  resus- 
citation was  the  only  characteristic  of 
the  resuscitation  associated  with  an 
improved  outcome  in  the  emergency 
department.  No  patient  survived  until 
hospital  discharge,  and  all  but  one 
were  comatose  throughout  hospital- 
ization. The  mean  stay  in  the  hospital 
was  12.6  days  (range  1  to  132).  with 
an  average  of  2.3  days  (range  1  to  1  1 
)  in  an  intensive  care  unit.  The  total 
hospital  cost  for  the  16  patients 
admitted  was  $180,908  (range  per 
patient  $1,984  to  $95,144).  CON- 
CLUSIONS: In  general,  continued 
resuscitation  efforts  in  the  emer- 
gency department  for  victims  of  car- 
diopulmonary arrest  in  whom  pre- 
hospital resuscitation  has  failed  are 
not  worthwhile,  and  they  consume 


precious  institutional  and  economic 
resources  without  sain. 


Mucociliary  Transport  With  and 
Without  the  Use  of  a  Heat  and 
Moisture  Exchanger:  An  Animal 
Study — B  Eckerbom.  CE  Lindholm. 
F  Mannting.  Acta  Anaesthesioi 
Scand  1991:35:297. 

The  importance  to  mucociliary  trans- 
port (MCT)  and  the  condition  of  the 
mucus  of  using  a  heat  and  moisture 
exchanger  (HME)  was  investigated. 
A  high  tracheotomy  was  performed 
on  10  young  pigs.  The  animals  were 
ventilated  using  a  non-breathing  sys- 
tem. In  five  animals  an  HME  was 
used:  the  other  five  were  connected 
directly  to  the  ventilator  circuit. 
After  6  hours  the  trachea  was 
inspected  via  a  flexible  broncho- 
scope. Mucociliary  transport  velocity 
was  measured  using  Tc-99-marked 
macrospheres  and  a  gamma  camera. 
In  the  control  group  the  tracheal 
mucus  membrane  was  desiccated  at 
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RESPIRATION 
FEEDBACK 


The  RFb  SYSTEM™  retrains  diaphragmatic  respiration  by  safely  and 
noninvasively  altering  brainwave  patterns  that  control  this  function. 

H.  Leuner,  M.D. 

RFb  SYSTEM™ 

•  Infrared  Diaphragmatic  Sensor  •  Respiration  Quotient  •  Totally  Effortless  For  Patient 


^^All  patients  had  large  improvements  in  both  their  02  saturations  and 
their  A.T.S.  dyspnea  scores."* 


UNIQUE  BENEFITS 


RFb 


'P]\|       •  Increases  blood  oxygen  saturation^ 

•  Reduces  oxygen  requirements^ 

•  Reduces  dyspnea  significantly^ 

•  Results  are  long  lasting^ 

•  Case  studies  available 


"Dyspnea  arises  from  the  inappropriate  relationship  between  the  force  of 
contraction  of  the  respiratory  muscles  and  the  volume  of  air  exchange.  It  is 
our  belief  that  RFb  realigns  this  relationship  and  decreases  the  work  of 
breathing."^ 

»2,t  Wm.  Shearouse  RRT. 

"The  Use  of  Respiratory  Biofeedback  in 
Respiratory  Disease":  Respiratory  Cai-e, 
Nov.  1991. 


NO  SPECIAL  TRAINING  REQUIRED 

Easy  Lease  Payments  Available 

CRT.  CODE  AVAILABLE  FOR  REIMBURSEMENT 


MANUFACTURER  REPRESENTATIVE  AREAS  AVAILABLE 


RFB  TECHNOLOGIES 

5840  Town  Bay  Drive 

Suite  #217 

Boca  Raton,  Florida  33486 

(407)  367-8611 

FAX  (407)  451-8560 

CAUTION:  Law  restricts  the  sale  and  use  by  or  on  the  order  of  a  licensed  practitioner. 
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Aerochamber® 
The  Ultimate  Aerosol 


Delivery  Solution 


The  Only  Family  of  Aerosol 
Holding  Chambers  for 
Expanded  Applications 
ofMDIAerosob 


"Deposition  of 

aerosol  from  an 

MDI  with  a  spacer 

or  holding  chamber  is 

similar  to  (and  perhaps 

better  than  )  deposition 

from  a  properly  used 

MDI  alone." 

Aerosol  Consensus  Statement, 

Respirator)  Care,  SepL'91,  Vol.  36  No.  9 

"In  general, ...  holding  chamber)  is 
the  most  convenient,  versatile  and 
cost-effective  way  to  deliver  aerosols." 

Aerusol  Consensus  Statement,  Kespirator)  Care, 
SepL'91,Vol.36No.9 


"MDIs 

can  be  used 

effectively  in  children. 

However,  because  of  the 

'     inability  of  many  pediatric  patients 

younger  than  10  years  of  age  to 

coordinate  the  actuation  of  the  MDI.  a 

holding  chamber  should  always  be  used.  A 

holding  chamber  with  mask  should  be  used  in  those 

less  than  3  years  of  age." 

Aerosol  Consensus  Statement,  Respirator)  Care,  Sept '91,  Vol.  36  No.  9 

" ....  a  holding  chamber  should  be  used  with  inhaled  steroids 
for  pediatric  patients  of  any  age." 
Aerosol  Consensus  Statement  Respirator)-  Care,  Sept '91,  Vol.  36  No.  9 


The  Aerosol  Consensus  Statement  of  the  AARC.  the  NIH  expert  panel  and  practitioners  of 
respiratory  care  have  established  new  community  standards  for  the  use  of  Metered  Dose  Inhaler 
aerosol  treatments  and  therapy. 

Monaghan  Medical  Corporation  has  been  the  industry  pioneer  of  advancements  in  MDl 
aerosol  therapy  and  today  represents  the  ultimate  MDI  aerosol  delivery  solution.  The  Aerochamber® 
family  of  holding  chambers  is  the  most  advanced  and  clinically  proven  MDI  delivery  system  with 
a  comprehensive  range  of  aerosol  holding  chambers  specifically  designed  to  meet  the  individual 
needs  of  your  patients. 

Aerochamber"  MDI  aerosol  delivery  system  is  the  most  extensive  and  the  only  line  of  aerosol 
holding  chambers  available  for  adults,  children,  infants  and  ventilated  patients  or  those  with  limited 
coordination. 
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"MDI  holding  chambers 
also  eliminate  the  need  to 
coordinate  actuation 
and  inhalation." 
Aerosol  Consensus  Statement, 
Respiralorv  Care,  SepL'91, 
Vol.36No.'9 


"This  study  has  demonstrated  that  a  MDI  plus  aerosol  holding 
chamber  delivers  a  nearly  fivefold  greater  dose  of  aerosolized 
drug  to  the  lungs  in  comparison  with  a  jet  nebulizer  in 
patients  receiving  mechanical  ventilation." 
H.D.  Fuller,  M.B.  Dolovich,  G.  Posmituck.  W.  Wong  Pack, 
and  M.T.  Newhouse 
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"The  Aerochamber  and  MDI 
appears  to  be  a  highly  efficient 
method  of  budesonide  delivery 
to  ventilated  infants." 
J.  Grigg,  et  al  Hammersmith  Hospital, 
London,  England 


monaghan 

MONAGHAN  MEDICAL  CORPORATION 


P.O.  Box  2805,  Plattsburgh,  NY  12901 
800-833-9653/518-561-7330 
Fax:  518-561-5660 
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ABSTRACTS 


half  the  distance  friini  the  tube  tip  to 
the  bifurcation.  In  the  HME  group 
the  entire  trachea  was  well  mois- 
tened, but  two  cases  showed  large 
amounts  of  abnormally  thin  and 
foamy  secretion.  Mucus  quality  dif- 
fered significantly  between  the  two 
groups.  Maximum  MCT  velocities 
were  8.3  ±  4.6  and  4.9  ±  3.0  mm/min 
for  the  HME  and  the  control  groups, 
respectively.  The  marker  had  moved 
49  ±  32  and  35  ±  21  mm  during  24 
minutes.  Neither  of  these  differences 
was  statistically  significant.  In  the 
control  group  there  was  no  transport 
over  desiccated  areas.  We  conclude 
(1)  the  quality  of  tracheal  secretion 
differed  significantly  between  the 
two  groups  and  (2)  a  heat  and  mois- 
ture exchanger  may  retain  too  much 
water  in  the  airway. 


Rebreathing  during  Oxygen  Treat- 
ment with  Face  Mask:  The  Effect 
of  Oxygen  How  Rates  on  Ventila- 
tion— AG  Jensen,  A  Johnson,  S 
Sandstedt.  Acta  Anaesthesiol  Scand 
1991;35:289. 

The  influence  of  different  oxygen 
flow  rates  on  ventilation  and  arterial 
blood  gases  was  investigated  in  ten 
healthy  volunteers  during  oxygen 
treatment  with  the  Hudson  inask. 
Respiratory  parameters  were  cal- 
culated using  inductive  plethys- 
mography calibrated  against  pneu- 
motachography.  The  minute  ventila- 
tion was  greater  when  using  the 
mask  with  oxygen  flow  rates  less 
than  5  L/min  compared  to  when  no 
mask  was  used.  With  an  oxygen  How 
rate  of  3  L/min  minute  ventilation 
was  about  1409(-  of  minute  ventila- 
tion without  face  mask.  With  0  L/ 
min,  minute  ventilation  increased  to 
about  16()'7(.  The  increase  in  minute 
ventilation  was  mainly  due  to  an 
increase  in  tidal  volume.  No  change 
was  seen,  however,  in  Paco:  with  dif- 
ferent oxygen  (low  rates.  Secondary 
objective  signs  following  an  increase 


in  respiratory  work  (changes  in  heart 
rate,  systolic  blood  pressure,  and 
oxygen  saturation)  were  not  seen. 
We  recommend  5  L/min  as  the  low- 
est oxygen  flow  rate  to  be  used  dur- 
ing oxygen  therapy  with  the  Hudson 
mask,  in  order  to  avoid  rebreathing 
and  excessive  respiratory  work. 


Treatment  of  Decompensated 
Chronic  Obstructive  Pulmonary 
Disease  in  the  Emergency  Depart- 
ment: Correlation  between  Clin- 
ical Features  and  Prognosis — GH 
Murata,  MS  Gorby.  TW  Chick.  AK 
Halperin.  Ann  Emerg  Med  1991; 
20:125. 

STUDY  OBJECTIVE:  Patients  with 
decompensated  chronic  obstructive 
pulmonary  disea.se  (COPD)  are  at 
high  risk  of  relapse  after  treatment  in 
an  emergency  department  (ED).  The 
purpose  of  this  study  was  to  deter- 
mine if  the  risk  of  relapse  correlates 
with  the  clinical  features  of  the  dis- 
ease. PATIENTS:  Three  hundred 
fifty-two  patients  with  documented 
COPD  who  were  treated  for  dyspnea 
in  the  ED  of  the  Albuquerque  Vet- 
erans Administration  Medical  Center 
over  a  three-year  period.  METH- 
ODS: We  reviewed  the  clinical  fea- 
tures and  pulmonary  function  tests  of 
the  patients,  who  were  considered  to 
have  COPD  if  the  baseline  preb- 
ronchodilator  one-second  forced 
expiratory  volume  (FEVi)  was  less 
than  80'7r  predicted,  and  less  than 
80%  of  the  forced  vital  capacity  and 
inhaled  bionchodilators  failed  to 
increase  the  FEV|  to  levels  of  more 
than  80%  predicted.  Visits  for  pneu- 
monia, pneumothorax,  pleural  effu- 
sion, or  pulmonary  emboli  were 
excluded.  A  relapse  was  defined  as 
an  unscheduled  revisit  to  the  ED 
within  14  days  of  initial  treatment. 
Data  were  entered  into  a  micro- 
computer database  and  analyzed  by  a 
commercial  statistical  package. 
RESULTS:  Of  877  visits  in  which 


the  patient  was  treated  and  released 
from  the  ED,  281  (32.0%)  resulted  in 
relapse  and  were  considered  unsuc- 
cessful. Compared  with  successful 
visits,  unsuccessful  visits  were  char- 
acterized by  a  shorter  duration  of 
dyspnea  (p  =  0.002),  a  lower  entry 
FEV|  (p  =  0.027),  a  lower  discharge 
FEVi  (p  =  0.040),  a  greater  number 
of  treatments  with  nebulized  bron- 
chodilators  (p  =  0.009),  more  fre- 
quent use  of  parenteral  adrenergic 
drugs  (p  =  0.006),  and  less  frequent 
use  of  oral  prednisone  on  discharge 
(p  =  0.016).  Patients  with  one  or 
more  relapse  visits  during  the  study 
period  (relapsers)  differed  from  non- 
relapsers  in  several  respects.  Relaps- 
ers had  a  greater  bronchodilator 
response  on  baseline  FEV|  than  non- 
relapsers  (p  =  0.047).  Nevertheless, 
relapsers  required  more  bron- 
chodilator treatments  in  the  ED  (p  < 
0.001);  were  treated  more  frequently 
with  parenteral  adrenergic  drugs  (p  < 
0.001),  I.V.  glucocorticoids  (p  < 
0.001),  and  oral  prednisone  (p  < 
0.001);  and  recovered  less  of  their 
baseline  FEV,  (p  <  0.014).  CON- 
CLUSION: Bronchodilator  response 
on  baseline  pulmonary  function  test- 
ing appears  to  identify  patients  with 
COPD  who  have  a  poor  prognosis 
after  emergency  treatment.  Their 
poor  response  to  intensive  bron- 
chodilator treatment  suggests  that 
loss  of  bronchodilator  response  may 
be  involved  in  the  pathogenesis  of 
respiratory  decompensation. 


Outcome  of  CPR  in  a  Large,  Met- 
ropolitan Area:  Where  are  the 
Survivors?— LB  Becker.  MP 
Ostrander,  J  Barrett.  GT  Kondos. 
Ann  Emerg  Med  1991:20:355. 

STUDY  OBJECTIVES:  Survival 
from  out-of-hospital  cardiac  arrest  in 
cities  with  populations  of  more  than 
1  million  has  not  been  studied  ade- 
quately. This  study  was  undertaken 
to  determine  the  overall  survival  rate 
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tor  Chicago  and  the  ett'ect  ot  pre- 
viously reported  variables  on  sin- 
Nival,  and  to  compare  the  obser\ed 
survival  rates  with  those  previously 
reported.  DESIGN:  Consecutive  pre- 
hospital arrest  patients  were  studied 
prospectively  during  1^87.  .SET- 
TING: The  study  area  was  the  city  of 
Chicago,  which  has  more  than  ^  mil- 
lion inhabitants  in  228  square  miles. 
The  emergency  medical  services  sys- 
tem, with  .'^.'^  around-the-clock  ambu- 
lances and  55t)  paramedics,  is  single- 
tiered  and  responds  to  more  than 
200.000  emergencies  per  year.  TYPE 
OF  P.ARTICIPANTS:  We  studied 
3.221  victims  of  out-ot'-hospital  car- 
diac arrest  on  whom  paramedics 
attempted  resuscitation.  MEASURE- 
MENTS AND  MAIN  RESULTS: 
91^  of  patients  were  pronounced 
dead  in  emergency  departments.  T-i 
died  in  hospitals,  and  2%  survived  to 
hospital  discharge.  Survival  was  sig- 
nificantly greater  with  bystander- 
witnessed  arrest,  bystander-initiated 
CPR.  paramedic-witnessed  arrest, 
initial  rhythm  of  ventricular  fibrilla- 
tion, and  shorter  treatment  intervals. 
CONCLUSIONS:  The  overall  sur- 
vival rates  were  significantly  lower 
than  those  reported  in  most  previous 
studies,  all  based  on  smaller  com- 
munities: they  were  consistent  with 
the  rates  reported  in  the  one  compar- 
able study  of  a  large  city.  The  single 
factor  that  most  likely  contributed  to 
the  poor  overall  study  was  the  rel- 
atively long  interval  between  col- 
lapse and  defibrillation.  Logistical, 
demographic,  and  other  special  char- 
acteristics of  large  cities  may  have 
affected  the  rates.  To  improve  treat- 
ment of  cardiac  arrest  in  large  cities 
and  maximize  the  use  of  community 
resources,  we  recommend  further 
study  of  comparable  metropolitan 
areas  using  standardized  terms  and 
methodology.  Detailed  analysis  of 
each  component  of  the  emergency 
medical  services  systems  will  aid  in 
making  improvements  to  maximize 
survival  of  out-of-hospital  cardiac 
arrest. 


AB.STRACTS 


Pulse  Oximetry  Monititrinji  Out- 
side the  Intensive  Care  Unit: 
Projjress  or  Problem? — DL  Bow- 
lt)n.  PL  Scuderi.  L  Harris.  EF  Hap- 
onik.  Ann  Intern  Med  1991:1  \5A>{). 

OBJECTIVE:  To  evaluate  the  use  of 
continue)us  pulse  oximetry  monitoi- 
inu  in  ecneral  care  units.  DESIGN: 


llcniogloliin  owyen  satiuatioii  dat.i 
collcclcti  pnispecti\el>  b\  use  of 
pulse  oximetry  with  concurrent 
rc\iew  of  the  medical  record.  SET- 
TING: General  medical-surgical 
nursing  units  in  a  large,  tertiary  care 
university  hospital.  PATIENTS: 
Forty  patients  on  two  nursing  units 
monitored  wilh  continuous,  bcilsidc 


Freedom 

One  of  the  many  reasons  to  use  a  portable 
Pulsair  Oxygen  Management  System! 

•  MoreFreedom  .10  Hours  with  Pulsair  OMS  I   (2  LPM) 

20  Hours  with  Pulsair  OMS  II  (2  LPM) 
17  Hours  with  "E"  cylinders  (2  LPM) 

.   Lightweight 7  lbs.  (full)  with  Pulsair  OMS  I 

10  lbs.  (full)  with  Pulsair  OMS  II 

•  Comfort Pulsair  technology  reduces  dryness,  irrilation, 

and  the  possibility  of  Infection. 

•  Safe Clinically  equal  to  traditional  continuous  flow. 

•  Economical 300%  more  time  available  than  conventional 

continuous  flow  systems. 

•  Flexible Use  with  all  popular  oxygen  reservoirs  and  cylinders. 

Pulsair,  Inc.  /   ijjll^^^'^'^^^     '^  US  1-800-327-0313 

The  Pulsair  Building  »  FL  1-800-628-3993 

P.O.  Box  2609  "World  Leadership  in  Liquid  Oxygen  international  407-465-6688 

Ft.  Pierce,  FL  34954  ^  Conservation  Technology"  Telefax  407-466-4366 
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ABSTR.ACTS 


sucfnJTtg  eest.  Ho«-e\«T.  is  patients 

«iifa  a  lou  predicted  probafcilirr  of 
sleep  apnea,  the  model  based  on  cfin- 
kal  dafa  »'as  suf^ientlx  sensimv  to 
permit  about  a  3CKv  reductKxi  in  the 
number  of  uoBeocssarx  sleep  studies. 


Brotichial  Pro>ocation  IVtennined 
b>  Breath  Sounds  Compared  with 
Luitg  FunctioQ — N  NoMski.  L 
Cohen.  C  Spnnger.  E  Bar-Yisha>.  .\. 
A\ital.  S  GodlTCN.  .Arch  Dis  Child 
1901:66:^5:- 

DrotfCTLidi  prC'>  - '.  ~  ".^'  ::  '■'tn 
roediacfaoline  u_  5 

children  aged  5  to  S  v-ears  »ilh 
obstructi\e  lung  disease,  mostly 
asthma  (13/15).  The  methachotioe 
w^is  inhaled  during  nfto  minuaes  of 
tidal  breathing  in  incieasios  con- 
centratioas.  .\tter  eadi  inhatadoo. 
lung  function  »  as  measured  and  clin- 
ical signs  leconied  independentlv  hy 
n»X)  obseners  uruvkare  of  each 
od»er"s  results.  The  logarithm  of  the 
concentration  of  methacboliiie  that 
caused  vkiieering  omct  the  trachea 
correlated  closdy  «ith  the  k^aritbni 
of  (he  concemration  of  methacholine 
CMisiiK  a  3)*^  fall  in  the  forced  ex- 
piratory vx)hime  in  one  second  (FEV, ) 
but  was  52^  gieater  on  average.  .\t 
the  end  of  the  test  there  was  a  mean 
(SD)  fall  in  FEV;  of  333  (7.4>  *  and 
a  fall  in  o\>gen  saturatioa  of  5.2 
(3.n  '^.  BR-H)chial  provocation  test- 
it^  by  listening  for  ulieeze  on«-  the 
trachea  is  a  safe  technique  that  cor- 
relates vkith  objectixe  measures  of 
lung  function  in  >xxmg  children. 


Factors   Associated   with  ChrxHiic 
Lung  Disease  in  Preterm  Infants — 

R\\      Civ>ke       Arch      Dis     Child 
1991.1^6:776. 

.Among  659  infants  of  30  w«ets" 
gestation  or  less  bom  in  a  regional 

perinatal  centre  ber*een   19S3  and 
1989,  195  were  ventilated  for  four 


days  or  mere  and  sorvived  to  2S 
da>s,  and  87  <rf  these  developed 
cteonic  lui^  disea.se.  There  «as  a 
sexvnfotd  iaaease  to  Ibe  anoual  inci- 
dence of  chronic  hn^  dbexse  over 
time.  Doiii^  the  sane  period  there 
were  sifniftcaat  increases  m  the 
number  o(  ia^Hts  *l»o  survived,  the 
incideiKe  of  .septicaemia,  and  the  use 
of  parenteral  lipid  eroulsioos. 
Qironic  lung  disease  was  sig- 
nificantly associated  »iih  low  binh- 
weighL  shorter  gestackwi,  duration  of 
ventilation-  vaginal  delivery,  sepsis, 
and  the  use  of  lipid.  Respiratory  and 
physk^ogical  measurements  at  96 
hours  were  significantly  worse  in 
infants  who  subsequently  developed 
dironic  lung  disease.  Initial  logistic 
n^ression  showed  th^  gestatioa. 
arterial  carK^w  dioxide  tension 
(PaCO;'.  ventilation  rate  at  96  hours, 
and  binh  in  19&8  or  19S9.  were  inde- 
pendently associated  with  chrooic 
lung  disease,  but  when  septicaeinia 
and  use  of  lipid  during  the  first  21 
days  were  included,  only  gestatk»al 
^e  (odds  ratio  0.64.  95*^  confidence 
interval  [CI],  0.49  to  O.Sl  for  each 
week)  and  use  of  lipid  (odds  ratio 
8.1.  95*^  CI.  2J2  to  28.01  remained 
significantly  associated  vvidi  chronic 
lung  disease.  The  observed  increase 
in  incidence  of  chronic  lung  disease 
in  this  population  was  associated 
with  eariier  use  of  parenteral  lipids  in 
infants  of  very  low  gescatkn  ladier 
than  with  changes  in  pofgiibliaa.  sur- 
vival, or  ventilator  treafDnent  of  res- 
piracory  distress  syixirome. 


Does  Cigarette  Sm<.>king  Have  an 
Independent  Effect  on  Coronary 
Heart  Disease  Incidence  in  the  Eld- 
erly?— R  Benfante.  D  Reed,  J  Frank. 
.Am  J  Public  Health  1 99 1;S  1:897. 

In  order  to  evaluate  the  effects  of 
cigarette  smoking  on  coronary  heart 
disease  (CHD)  in  elderly  persons  in 
the  Honolulu  Heart  Program.  1.39J 
men  between  ases  65  arKl  ~4  were 
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"OH  NO!  It's  time  to 
do  the  schedule 
again." 

Is  a^is  >oj:  TiojgrTt  every-  lew  ixeete? 

A  proouc:  :s  -lowt  avaiiSDie  T-s:  will 
ailoiv  yo*.  ic  ~.aKs  se— e:  jse  jf  your 
tim*  by  groatty  oecressjrig  ne  afior: 
requirect  to  produce  sc^eauies. 


oMRManayGT  &  £  «* 
product  t^a:  automatically  generates 
sciiec.es  -s  ng  yo_-  staffing 
specfications  and  your  enoicyees' 
pn^arances.  This  is  a  oower^ui  tooi  — 
re;  s— c'y  a  wore  process;-  or 
sp-sa::s^ee:  product.  SriiftManager" 
is  tne  svste"  r-.a;  taxes  ttie  aruagery 
o-t  o-  sC'sr.  -; 


:is*c  on  youf  neecs 

*  -;■-  r    *.   *r  sooo~~^oo£re  vir- 
t.i      ;   r-   sc^ec_le  or  sr-^type 

-scoc>'i-'0  ;•  scnec-ies 

'  Mutiple  on-screer  iMSa'sait  op- 
tions anc  capapL.ties 

*  Instant  sta-'pg  assessment  and 
upoets  of  staffing  irfoi — lation 

*  M^li.z  s   z  szs-  -si   printed 
reports 

*  -i    PS     >P.     PS     1     ~i-iPS'    Pf 

pepp'S  'it*e'  t*£~  i  "-^-aper  of 
paper 

*  5sv9  t  ~e  — 'c-s   >»  t"   s^c* 

soneo-ie 


*  ^3Sv  tp  'ea  '  a* 
twa.'v  p»e  "-* 


»se  -  :t  can  ac- 


*  NO  RISK 

3r'-J£v  :'ta  De-oc-i*  -vd:  sal«fiec.  jus 
mu—  r*  sotTwart  wiTii-  3C  oavs  tof  a 

full  ^unc  o^  ni«  ic«r:sa  ^ee 

SMBManager"  reculres  an  ISWI  PC  or 
compatible  w  t~  na-p  p  sh  a-'P  s;  least 
512K  RAM.  T>e  ope-t.me  ipense  *ee  iS 
$379.X  ,app  S"5  OC  *o.'  sn.poing  and 
handling  "ng  scr\«.are  s  c^erec  wtn 
a  SO-csv  — c-ey-tactc  triai  period 
(fcense  -ee  p-  >  >  o^r  onfy  risk  Is  that 
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HOW  TO  BUILD 
AMERICA'S  #1 
PEAK  FLOW  METER 
IN  10  EASY  STEPS 


1      Nurture  a  drive  to 
9   constantly  be  better 

We  started  out  competing  against 
other  peak  flow  meters.  Now  that  we're 
the  leader,  we  comp>ete  against  our- 
selves. In  the  last  two  years  alone,  we've 
made  more  than  10  separate  product 
improvements... with  more  still 
on  the  drav^ing  boards. 

2     Develop  a  patented  design 
•  ASSESS"  and  ASSESS  Low  Range 
use  a  unique  flow-sampling  technology 
that  minimizes  wear  and  delivers  superior 
accuracy,  reproducibility,  and  consistency. 
How  consistent?  After  two  years  of  simu- 
lated daily  use.  a  recent  independent 
research  study  found  no  more  than 
l<f"o  variability.' 

Engineer  it  without 
«  compromise 

Everything  about  ASSESS 
from  its  easy-to-use 
design... to  its  easy-to-read 
scale... to  its  transparent 
construction  that 
encourages  regular 
cleaning... to  its 
\-irtually  indestructible 
polycarbonate  body  —  is 
designed  to  make  it  work 
better  and  last  longer. 

Test  every  unit 

I  Spot-checking  is  the  norm  in 
manufacturing  quality  control.  Not 
at  HealthScan.  Xo  unit  leaves  our  plant 
without  being  tested  at  both  the  high  and 
low  ends  of  the  scale.  (Plus.  ever>-  hour 
we  select  ten  random  samples  for  even 
more  rigorous  statistical  quality  control.) 

5     Put  it  to  the  test 
9  in  the  laboratory 

Recently,  researchers  at  Montefiore 
Medical  Center  measured  ASSESS 
against  our  leading  competitor.  Their 
findings?  The  accuracy  of  the  other  prod- 
uct deteriorated  after  only  two  months 
of  simulated  use.  But  ASSESS  kept  on 
delivering  consistently  accurate  readings.^ 


6     Put  it  to  the  test 
«  in  clinical  practice 

Lab  results  like  this  say  a  lot 
about  ASSESS.  Our  clinical  accept- 
ance says  even  more.  Nine  out  of  ever\- 
ten  peak  flow  meters  used  in  hospitals 
are  ASSESS.'  Why?  Read  on. 

7r     Support  physicians 
•     Physicians  know  they  can  count 
on  us.  not  just  for  a  superior  product 
but  for  superior  sersice— including 
extensive  patient  education  materials, 
a  dedicated  professional  services 
department,  and  the  only  comprehensive 
peak  flow  monitoring  system. 

8      Support  patients 
0  and  their  families 

We  dont  have  to  donate  hundreds 
of  units  ever>-  year  to  asthma  camps 
across  America.  Or  back  .ASSESS  with 
sm  unlimited  one-year  warranty.  Or  make 
a  special  Braille  unit  for  blind  patients. 
Or  proWde  patient  instructions  in  other 
languages.  We  just  figure  it's  the 
responsibility  of  a  leader. 
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invite  criticism 

•    With  all  these  efforts,  you  might 
think  we'd  hate  to  hear  complaints  about 
ASSESS.  Just  the  opposite.  Frank  feed- 
back from  physicians  and  patients  only 
helps  us  make  ASSESS  better.  \\'hich  is 
why  we  encourage  that  feedback  \\ith  a 
toll-free  telephone  hotline. 

1^%     Go  back  to  step  1 

l\^*  We're  proud  of  our  leadership... 
but  we're  not  satisfied.  So  we'll  keep 
on  making  impro\ements.  We  expect  more 
of  ASSESS.  You  should  too. 

For  more  information  —  or  to  order 
.\SSESS  for  vour  practice— call  toll-free 
1-800-962-1266. 
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Peak  Flow 
Meter 


ST.\.ND.\RP  R-\.\GE 

60  to  St>0  L  min 


LOW  R.\NGE 

35  to  390  L  min 


Setting  the  standard  for  peak  flow  monitoring. 
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ABSTRACTS 


lulloucd  duriiii;  an  average  12-\i.'ai" 
period  for  new  cases  of  nonfalal 
myocardial  infarction  and  fatal  CHD. 
Incidence  rates  increased  pro- 
gressively in  individuals  classified  at 
baseline  as  never,  former,  and  cur- 
rent smokers,  respectively.  The  abso- 
lute excess  risk  associated  with  cig- 
arette smoking  was  nearly  twice  as 
high  in  elderly  compared  with  mid- 
dle-aged men. 

What  Scientists  Funded  by  the 
Tobacco  Industry  Believe  about 
the  Hazards  of  Cigarette  Smok- 
ing— K.M  Cummings.  R  Sciandra,  A 
Gingrass.  R  Da\is.  .Am  .1  I'uhlic 
Health  1991:81:894. 

Despite  overwhelming  evidence  doc- 
umenting the  hazards  of  cigarette 
smoking,  the  tobacco  industry  denies 
that  smoking  has  been  proven  to 
cause  disease.  The  industry  professes 
a  desire  to  clear  up  the  smoking  and 
health  "question"  and  often  points  to 
its  support  of  the  Council  for 
Tobacco  Research  (CTR)  as  evi- 
dence of  its  interest  in  investigating 
the  health  dangers  of  smoking.  This 
paper  presents  results  of  a  survey  of 
CTR-funded  scientists  regarding 
their  beliefs  about  the  health  dangers 
posed  by  smoking  cigarettes.  The 
vast  majority  of  scientists  funded  by 
the  CTR  believe  that  cigarette  smok- 
ing is  an  addiction  that  causes  a  wide 
range  of  serious,  often  fatal,  diseases. 
This  result  suggests  that  the  tobacco 
industry  is  unwilling  to  accept  even 
the  opinions  of  scientists  it  has 
deemed  worthy  of  funding.  Scientists 
should  consider  the  ethical  implica- 
tions of  accepting  funds  from  the 
CTR  and  other  tobacco  industry- 
supported  institutions. 


Sustained  Kffects  of  an  Kduca- 
tional  Program  I'o  Reduce  Sales  of 
Cigarettes  to  Minors  DC  Altman. 
L  Rasenick-Douss.  V  Foster,  JB  Tye. 

Am. I  Public  Health  l')91 :81 :891 . 


We  report  1-year  follow -up  data 
from  a  sample  of  stores  participating 
in  a  6-month  community-wide  edu- 
cational effort  to  reduce  cigarette 
sales  to  minors  in  Santa  Clara 
County.  California.  The  proportion 
of  over-the-counter  sales  to  minors  at 
the  I -year  follow-up  illustrated  that 
although  statistically  significant 
reductions  were  maintained  6  months 
after  the  intervention  ended,  recid- 
ivism occurred.  Suggestions  for 
achieving  long-term  reductions  in 
sales  to  minors  are  offered. 


Cost  and  Benefit  of  Secondary 
Proph>laxis  for  Pneumocystis  cari- 
nii  Pneumonia — AR  Castellano. 
MD  Nettleman.  JAMA  I991;266: 
820. 

OBJECTIVE:  To  determine  the  rel- 
ative cost  and  benefit  of  aerosolized 
pentamidine  and  the  combination 
product  of  sulfamethoxazole  and  tri- 
methoprim sulfate  as  secondary  pro- 
phylaxis for  Pneumocystis  carinii 
pneumonia.  DESIGN:  A  Markov- 
based  cost-benefit  analysis  was  per- 
formed. Drug  efficacies,  toxicities, 
and  mortality  rates  were  drawn  fnim 
the  current  literature.  SETTING: 
Hypothetical.  PATIENT  POPULA- 
TION: Patients  infected  with  the 
human  immunodeficiency  virus  who 
had  had  at  least  one  episode  of  P 
carinii  pneumonia.  INTERVEN- 
TIONS: Regimen  1  required  the  use 
of  aerosolized  pentamidine  as  the 
sole  first-line  prophylactic  agent  in 
all  patients.  Regimen  2  required  the 
use  of  sulfamethoxazole-trimetho- 
prim in  all  patients  who  had  no  his- 
tory of  a  toxic  reaction  to  the  drug; 
only  patients  with  a  history  of  toxic 
effect  and  those  who  developed  toxic 
effects  while  receiving  the  •  drug 
would  receive  aerosolized  pen- 
tamidine. Regimen  .^  required  that  no 
secondary  prophylaxis  be  given. 
MAIN  OUTCOME  MEASURES: 
Net    cost,    median    patienl    sur\i\al. 


and  ."i-Ncar  sur\i\al  lor  each  regimen 
and  for  Regimens  I  and  2  compared 
with  Regimen  .^.  MAIN  RESULTS: 
Regimen  2  was  dominant,  with  a  net 
cost  of  S6,332  per  patient  and  a 
median  survival  of  2.050  years. 
Compared  \\  ith  no  prophylaxis.  Reg- 
imen 2  resulted  in  a  savings  of 
S 1 6.50.3  per  patient  and  a  0.696-year 
increase  in  median  survival.  Com- 
pared with  Regimen  I.  Regimen  2 
resulted  in  a  savings  of  S2.904  and  a 
0.067-year  increase  in  median  sur- 
vival. CONCLUSIONS:  Secondary 
prophylaxis  for  P  carinii  saves 
money  and  extends  survival.  Current 
data  suggest  that  sulfamethoxazole- 
trimethoprim  should  be  given  when- 
ever it  can  be  tolerated.  Use  of  aero- 
solized pentamidine  as  a  first-line 
agent  would  result  in  a  modest 
increase  in  cost  and  a  decrease  in  life 
expectancy. 


Factors  Determining  Pulmonary 
Deposition  of  .Aerosolized  Pen- 
tamidine in  Patients  with  Human 
Immunodeficiency  \'irus  Infection 

— GC  Smaldone.  J  Fuhrer.  RT  Steig- 
bigel.  M   McPeck.  Am  Rev  Respir 

Dis  1991:14.^:727. 

SUMMARY':  .Although  aerosolized 
pentamidine  (AP)  has  recently  been 
approved  for  prophylaxis  and  is 
underge)ing  clinical  trials  for  treat- 
ment of  Pneumocystis  pneumonia 
(PCP).  factors  important  in  the  dep- 
osition of  AP  have  not  been 
described.  Using  radioaerosol  tech- 
niques, deposition  was  measured  in 
22  patients  receiving  AP  for  pro- 
phylaxis or  treatment  of  PCP.  In  all 
patients,  total  and  regional  deposi- 
tion of  pentamidine,  breathing  pat- 
tern, pulmonary  function  (PFT). 
regional  ventilation,  and  type  of  neb- 
ulizer were  analyzed.  Broncho- 
alveolar  lavage  (B.AI.)  was  per- 
formed 24  h  after  inhalation  to  assess 
the  relationship  between  pentamidine 
levels   in   BAI.   fluid  and   measured 
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experience 


The  proven  efficaqf 
and  impressive  safety  profile 
of  the  first  protein-firee, 
synthetic  lung  stirfactant 
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ExOSUrfNEONATAT 

(Colfosceril  Palmitate,  Cctyl  Alcohol, 

lYiOXapOl^  For  Intratracheal  Suspcnsion/10-mLviaI 


Controlled  clinical  trials  with  EXOSURF  Neonatal  showed  "dramatic  reductions"  in 
morbidity  and  mortality  of  infants  with  RDS.  Subsequent  use  under  a  year-long 
Treatment  IND  confirmed  its  efficacy  and  impressh/e  safety  profile.  Since  release  for 
marketing  in  August  1990,  widespread  use  in  hospitals  across  the  United  States  has 
further  established  its  value  in  the  treatment  of  RDS.  The  weight  of  clinical  experience 
is  in  favor  of  EXOSURF  Neonatal. 

Dramatic  reductions  in  neonatal  morbidity  and  mortality  reported  in 
clinical  trials 

Improvement  in  clinical  outcome  after  EXOSURF  Neonatal  has  been  significant  in 
infants  at  risk  of  developing  RDS  as  well  as  those  with  established  RDS.  Prophylactic 
as  well  as  rescue  treatment  with  EXOSURF  Neonatal  has  dramatically  reduced 
morbidity  and  mortality  in  infants  weighing  greater  than  700  grams. 


SIGNIFICANT 
REDUCTIONS  IN 
OVERALL  MORTALITY 
FROM  ANY  CAUSE  IN 
MIDDLE-SIZE  AND 
LARGE  INFANTS 
(Percent  reductions 
with  EXOSURF) 


Prophylactic  treatment 


Rescue  treatment 


One  vs 

Two  Dose' 

Sing/e  Dose' 

Three  Doses ' 

Two  Dose' 

1250  grams 

700-UOO  grams 

700-1100  grams 

700-1350  grams 

and  above 

Age 

(N=446) 

(N=716) 

(N=419) 

(N=1232) 

< 10  Days 





59%* 

35% 

<28  Days 

40%* 

44%' 

52%* 

39% 

<lYear 

44%' 

41  %• 

46%' 

31% 

•P=0.022.  'P=0.002.  'P<0.05.  'P<0.001 .  'P=0.039  N=Number  of  inlanis  enrolled  in  the  clinical  trials. 


A  single  prophylactic  dose  of  EXOSURF  Neonatal  reduced  l-year  mortality  by  44%. 
Two  additional  prophylactic  doses  provided  an  additional  41%  reduction  in  1-year 
mortality. '' 

I         ^if-.MicTr-nRTT  Prophylactic  treatment 


SIGNIFICANT 
REDUCTIONS 
IN  MORTALITY 
FROM  RDS  IN 
MIDDLE-SIZE  AND 
LARGE  INFANTS  '■ 
(Percent  reductions 
with  EXOSURF) 


Rescue  treatment 


Sing/e  Dose 

700-1100  grams 

(N=446) 


Two  Dose' 

700-1350  grams 

(N=419) 


Two  Dose^ 
1250  grams 
and  above 
(N=1232) 


Reduction  in 
death  from  RDS 


58%* 


66%' 


63%' 


■P=0.01 1 .  'P=0.007.  •P=O.009.  N=Number  of  infants  enrolled  in  the  clinical  trials. 


SIGNIFICANT  REDUCTION 
IN  CARDIOPULMONARY 
DESTRUCTION  TO  DAY  28 
FOLLOWING  TWO-DOSE 
RESCUE  TREATMENT" 
(Percent  reductions 
with  EXOSURF) 


Birth  weight 

700-1350' 
(N=419) 


Reduction  in  death  at  28  days 

or  survival  with  broncho- 

pulmonarv  dysplasia  (BPD) 

34%* 


1250  and  above^ 
(N=1232) 


43%* 


*P=0.002.  N=Number  of  infants  enroHed  in  the  clinical  trials. 


Rapid  onset  of  action  documented  in  rescue  use' 

Improvements  in  mean  Fi02  and  mean  alveolar-arterial  PO^  (A-a)  gradient  were 
present  by  2  hours  after  dosing  in  middle-size  babies  (700-1350  grams). 
Improvements  in  mean  airway  pressures  began  sometime  between  2  and  6  hours 
in  miiddle-size  babies.  These  improvements  persisted  for  at  least  7  days. 


SIGNIFICANT 
IMPROVEMENTS 
IN  SUPPLEMENTAL 
OXYGEN  NEEDS 
AND  VENTILATORY 
REQUIREMENTS 
SEEN  IN  MIDDLE- 
SIZE  BABIES^ 


■  Air 

■  EXOSURF  Neonatal 

All  charts  from  Long* 


10- 


=0.0001 


0.0001 


Please  see  brief  summary 
of  full  prescribing  infor- 
mation on  last  pages  of 
this  advertisement. 


Efficacy  and  impressive  safety  profile  of  EXOSURF   Neonatal 
confirmed  in  continued  widespread  use' 

In  North  American  controlled  clinical  trials,  more  than  2600  premature  infants 
received  EXOSURF  Neonatal.  Under  the  year-long  Treatment  IND,  over  11,400  infants 
received  EXOSURF  Neonatal.  In  the  six  months  following  its  release  for  marketing, 
EXOSURF  Neonatal  has  been  given  to  10,000  infants  in  more  than  750  hospitals. 

There  are  no  known  infectious  or  immunologic  risks  associated  with 
EXOSURF  Neonatal  use.  In  controlled  clinical  trials,  adverse  events  were  comparable 
to  those  of  placebo,  with  the  exception  of  apnea  and  pulmonary  bleeding. 
Infants  receiving  EXOSURF  Neonatal  required  less  ventilatory  support,  possibly 
contributing  to  an  increased  incidence  of  apnea.  Pulmonary  bleeding  occurred  in  1% 
of  control  infants  and  2%  of  treated  infants  in  controlled  trials.  In  the  treatment  IND, 
pulmonary  bleeding  was  reported  in  4%  and  mucous  plugging  at  a  rate  of  3/1000. 
Pulmonary  bleeding  appears  to  be  preventable  with  early  diagnosis  and  appropriate 
treatment  of  patent  ductus  arteriosus. 

One-year  follow-up  evaluated  developmental  outcomes' 

Double-blind  1-year  follow-up  of  more  than  1450  infants  enrolled  in  randomized 
trials  showed  that  mental  and  motor  scores  appeared  to  be  higher  in  tiny  infants 
(<750  grams)  as  well  as  middle-size  infants  (750-1249  grams)  who  received  Exosurf 
Neonatal. 

Economic  data  analysis  showed  cost  savings"" 

Three  separate  studies  evaluated  the  economic  impact  of  a  single  prophylactic 
dose  of  EXOSURF  Neonatal,  two-dose  rescue  treatment  in  700-  to  1350-gram 
infants,  and  two-dose  rescue  treatment  during  the  neonatal  period  in  infants 
weighing  over  1350  grams.  Results  indicate  that  both  prophylactic  treatment  and 
rescue  treatment  are  cost-effective.  Mean  hospital  charges  were  $6451  less  for  large 
infants  receiving  two-dose  rescue  treatment  versus  air  in  the  first  28  days  of  life."' 

As  easy  to  use  as  it  is  effective 

•  Easy  to  store  and  tise  EXOSURF  Neonatal  may  be  stored  at  room  temperature. 
Reconstituted  suspension  may  be  maintained  refrigerated  or  at  room  temperature 
for  up  to  12  hours.  Key  items  needed  for  administration  are  supplied  in  one  kit. 

•  Easy  to  administer  Each  EXOSURF  Neonatal  dose  is  administered  in  two 
2.5-ml7kg  half-doses  without  interrupting  mechanical  ventilation. 

•  Easy  on  infant  To  assist  the  distribution  of  EXOSURF  Neonatal 

in  the  lungs,  the  infant  is  simply  turned  from  midline  position  to  the 
right  after  the  first  half-dose,  and  from  midline  position 
to  the  left  after  the  second  half-dose. 

References:  1.  Bose  C.  Corbet  A.  Bose  G.  et  a[.  Improved  outcome  at  28  days  of  age  for  very  low  birth  weight  infants  treated  with  a  sing  • 
dose  of  a  synlhelic  surfactant  J  Ped/alA.  1990:117:947-953-  2.Cort)et  A.  Bucciarelli  R,  Goldman  S,  etal.  Decreased  mortality  in  small 
premature  infants  treated  at  birth  with  a  single  dose  of  synthetic  surfactant:  a  multi-center  controlled  tnal.  J  Pediatr.  1991 : 1 1 8:277-284 
3.  Gerdes  J.  Ckxik  L,  Beaumont  E.  Cortjet  A,  Long  W.  Amencan  EXOSURF  Pediatric  Groups  I  and  II.  Effects  of  three  vs.  one  prophylactic 
doses  of  EXOSURF  Neonatal  in  700-  to  1 100-gram  neonates.  Pec/ialrfles.  1991;29(no.  4.  pt  2):214A.  Abstract.  4.  Long  W.  Thompson  T, 
Sundeli  H,  et  al  Effects  of  two  rescue  doses  or  a  synthetic  surfactant  on  mortality  rate  and  survrval  without  bronchopulmonary  dysplasia  m 
700-  to  1350  gram  infants  virith  respiratory  distress  syndrome.  J  Pediatr.  1991 :1 18:595-605.  5.  U.S.  and  Canadian  EXOSURF  Pediatnc 
Study  Groups.  Effects  of  two  rescue  doses  of  EXOSURF*  Pediatnc  in  1232  infants  S1250  grams.  Pediair  Res.  1990;27|no.  4.  pt  2):320A 
Abstract.  6.  Data  on  file,  Burroughs  Wellcome  Co  .1991  7.  Walter  D,  IVIcGuinness  G,  BoseC.  etal.  Double-blind  one-year  follow-up  in 
1450  infants  randomized  to  EXOSURI  •  Neonatal  or  air  Pediair  Res.  1991  ;29(no.  4.  pt  2):270A.  Abstract.  8.  Sell  M.  Corbel  A,  Gong  A. 
et  aJ.  Economic  impact  of  a  single  prophylactic  dose  of  EXOSURF*  Neonatal  in  700-  to  1 100-gram  infants.  Pediair  Res.  199t:29(no.  4, 
pt  2):265A.  Abstract.  9.  Ivlammel  tvl.  Mullett  IVI,  Derleth  D,  et  al.  Economic  impact  of  two  rescue  doses  of  EXOSURF*  Neonatal  in  700-1350 
gram  infants.  Pediair  Res.  1991 :29(no.  4.  pt  2|:260A.  Abstract.  10.  Schumacher  R.  Burchfield  D,  Vaughan  R.  et  al.  Economic  impact  of  two 
rescue  doses  of  EXOSURF*  Neonatal  in  21350  gram  infants.  Pediatr  Res.  1991 :29(no.  4.  pt  2):264A.  Abstract. 

_^         Please  see  brief  summaiY  of  full  prescribing 
Xat         information  on  last  pages  of  this  advertisement 
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EXOSURF  Neonataf 

(COLFOSCERILPALMITATE,CETYLALCOHOL,TYLOXAPOL) 
For  Intratracheal  Suspension  / 10  mL  vials 

PLEASE  CONSULT  FULL  PRODUCT  INFORMATION  BEFORE  PRESCRIBING 
INDICATIONS  AND  USAGE   txosufi  Neonaial  is  inQicaled  tor 

1  Prophylactic  trealmeni  ol  tnlanls  with  birlfi  weigtils  ol  less  than  1350  grams  who  are  at  risk  of  developing 

RDSisee  PRECAUTIONS) 

2  htiphylactic  treatment  of  intanls  with  Oirtti  weights  greater  than  1350  grams  who  have  evidence  ot  pulmonary 

immaturity,  and 

3  Rescue  treatment  ot  infants  who  have  developed  RDS 

CONTRAINDICATIONS:  There  are  no  known  conlramdications  to  treatment  with  Exosurf  Neonatal 
WARNINGS:  Intratracheal  Administration  Onty:  Exosurf  Neonatal  should  Oe  administered  only  Dy  insiillation  in- 
to the  tfachea  General:  The  use  ot  Exosuri  Neonatal  requires  expert  clinical  care  Dy  experienced  neonatologists 
and  other  clinicians  who  are  accomplished  at  neonaial  intubation  and  ventilatory  management  Adequaie  per- 
sonnel .  facilities  equipment  and  medications  are  required  lo  optimize  perinatal  outcome  m  premature  infants 
Instillation  of  Exosuri  Neonatal  should  De  pertormed  only  t3y  trained  medical  personnel  experienced  m  airway 
and  clinical  management  of  unsiaOie  premature  mfanis  Vigilant  clinical  attention  should  De  given  to  all  infanis 
priorto  during,  andafTeradministrationofExosunNeonalal  AcuteEHects  ExosurlNeonatalcan rapidly atfecl 
oxygenation  and  lung  compliance  Lung  Compliance.  If  chest  expansion  improves  sut)stantially  after  dosing 
peak  ventilator  inspiratory  pressures  should  De  reduced  immediately,  without  wailmg  for  confirmation  ol  respiratory 
improvement  Dy  DIood  gas  assessment  Failure  to  reduce  inspiratory  ventilalor  pressures  rapidly  in  such  instances 
can  result  m  lung  overdistention  and  fatal  pulmonary  air  leak  Hyperoiia:  if  the  mtanl  Decomes  pink  and 
transcutaneous  oxygen  saturation  is  m  excess  of  95% .  FiO,  should  De  reduced  in  small  Dul  repeated  steps  ( until 
saturation  is  90  to  95% )  without  waiting  tor  confirmation  ol  elevated  anenal  pOj  Dy  DIood  gas  assessment  Fail- 
ure lo  reduce  FiO-  m  such  instances  can  result  m  hyperoxia  Hypocarbia:  If  arterial  or  transcutaneous  CO: 
measurements  are  <30  torr  the  ventilator  rale  should  De  reduced  at  once  Failure  lo  reduce  ventilator  rates  m 
such  instances  can  result  in  marked  hypxarDia  which  is  known  to  reduce  Dram  DIood  flow  Pulmonary  Hemor- 
rhage: In  the  single  study  conducted  m  mlanls  weighing  <  700  grams  at  Didh  the  incidence  ot  pulmonary  hemor- 
rhage (lO'/o  vs2%  m  the  placeDo  groupl  was  signilicanily  increased  m  the  Exosuri  Neonaial  group  None  of 
the  five  studies  involving  inlants  with  Dirth  weights  >700  grams  showed  a  signiticant  increase  m  pulmonary 
hemorrhage  m  the  Exosurf  Neonatal  group  In  a  cross-study  analysis  of  these  five  studies  pulmonary  hemor- 
rhage was  reported  tor  i%(  14. '1420|  of  mlanls  miheplaceDogroupand  2%  |27/141H  of  infants  m  the  Exosuri 
Neonatal  group  Fatal  pulmonary  hemorrhage  occurred  m  three  infanIs  two  m  Ihe  Exosurf  Neonatal  group  and 
one  in  the  placeoo  group  Mortality  trom  all  causes  among  infants  who  developed  pulmonary  hemorrhage  was 
43%  m  the  placeDo  group  and  37%  m  the  Exosuri  Neonatal  group  Pulmonary  hemorrhage  in  Dolh  Exosurf  Neonatal 
and  placeDo  infants  was  more  ireauenl  m  infants  who  were  younger  smaller  male  or  who  had  a  patent  ductus 
arteriosus  Pulmonary  hemorrhage  lypically  occurred  in  the  first  2  days  of  life  m  Doth  treatment  groups  In  more 
than  7700  infants  m  the  open  uncontrolled  study,  pulmonary  hemorrhage  was  reported  in  4%  Put  talal  pulmonary 
hemorrhage  was  reported  rarely  (04%)  In  the  conlroHed  clinical  studies  Exosuri  Neonaial  Ireated  inlants  who 
received  steroids  more  than  24  hours  prior  to  delivery  or  indomethacin  postnatally  had  a  lower  rate  of  pulmonary 
hemorrhage  than  other  Exosuri  Neonatal  treated  mtanis  Attention  should  De  paid  to  early  and  aggressive  diagnosis 
and  treatment  i  unless  contramdicaledi  of  patent  ductus  arteriosus  during  Ihe  first  2  days  ol  lite  (while  the  duc- 
tus arteriosus  is  often  clinically  silent  i  Other  potentially  protective  measures  include  attempting  to  decrease 
FiOj  preferentially  over  ventilator  pressures  during  the  first  24  to  48  hours  afler  dosing  and  attempting  to  de- 
crease PEEP  minimally  for  at  least  48  hours  after  aosmg  Mucous  Plugs,  infants  whose  ventilation  Decomes  marked- 
ly impaired  during  or  shortly  atler  dosing  may  have  mucous  plugging  of  the  endotracheal  luDe.  particularly  if 
pulmonary  secretions  were  prominent  prior  to  drug  admmisfralion  Suctioning  of  all  infants  prior  to  dosing  may 
lessen  the  chance  of  mucous  plugs  oDst'ucting  the  endotracheal  luDe  H  endotracheal  luDe  oDsUuction  from 
such  plugs  IS  suspected,  and  suctioning  is  unsuccessful  m  removing  IheoDsfruction  the  DIocked  endotracheal 
tuDe  should  De  replaced  immediately 
PRECAUTIONS: 

General:  in  ihe  controlled  clinical  studies,  mlanis  known  prenatally  or  postnatally  to  have  major  congenital  anomalies 
or  who  were  suspected  ot  having  congenital  infection  were  excluded  from  entry  However,  these  disorders  can- 
not De  fecognized  early  m  life  m  all  cases  and  a  lew  intanis  with  these  conditions  were  entered  The  benefits 
ot  Exosuri  Neonatal  m  the  affected  infants  who  received  drug  appeared  to  De  similar  to  the  Deneiils  oDserved 
m  infants  without  anomalies  or  xcult  infection  Prophylactic  Treatment-lnlants  <700  Grams:  in  infants  weighing 
500  to  700  grams,  a  single  prophylactic  dose  of  Exosuri  Neonatal  sigmticantly  improved  FiO,  and  ventilator 
settings,  reduced  pneumothorax  and  reduced  death  from  RDS  Dul  increased  pulmonary  hemorrhage  (see 
WARNINGS)  Overall  mortality  did  not  difter  significantly  between  the  placeDo  and  Exosuri  Neonatal  groups  l  see 
Table  l  in  lull  product  information)  Data  on  multiple  doses  in  infants  m  this  weight  class  are  not  yet  availaDle 
Accordingly  clinicians  should  carefully  evai'i^ie  'he  oolential  risks  and  benefits  of  Exosuri  Neonatal  administra- 
tion in  these  inlants  Rescue  Treatment-Number  ot  Doses  A  small  number  ot  infants  with  ROS  have  received 
morelhantwodosesof  E»osunNeonai3  j  ■-  ,f  -i-^iem  Otimiive  data  on  the  safety  and  efficacy  of  these 
additional  doses  are  not  available  Carcmogenesis,  Mutagenesis.  Impairment  ot  Fertilrty.  Exosuri  Neonatal  at 
concentrations  up  to  10.000  ^g ■'plate  was  not  mutagenic  in  the  Ames  Salmonella  assay  Long-term  studies  have 
not  been  pertormed  m  animals  to  evaluate  the  carcinogenic  potential  ol  Exosuri  Neonatal  The  effects  of  Exosuri 
Neonatal  on  fertility  have  not  been  studied 
ADVERSE  REACTIONS: 

General  Premature  birth  is  associated  with  a  high  incidence  of  morbidity  and  mortality  Despite  significant  reduc- 
tions in  overall  mortality  associated  with  Exosuri  Neonatal  some  infants  who  received  Exosurf  Neonatal  devel- 
oped severe  complications  and  either  survived  with  permanent  handicaps  or  died 
In  controlled  clinical  studies  evaluating  the  salety  and  etticacy  ol  Exosuri  Neonaial  numerous  safety  assessments 
were  made  In  infants  receiving  Exosuri  Neonatal,  pulmonary  hemorrhage  apnea  and  use  of  methyl  xanthines 
were  increased  A  number  ol  other  adverse  events  were  signihcantly  reduced  m  the  Exosuri  Neonatal  group 
particularly  various  forms  of  pulmonary  air  leak  and  use  of  pancuronium  TaDles  3  and  4  summarize  the  results 
of  the  ma|or  safety  evaluations  from  the  controlled  ciimc^l  studies 


Table  3  Safety  A»etsments*-Proplivlactlc  Treatment  iCont ) 


Number  ol  Doses 
BidhWeighi  Range 


Singie  Dose  Single  Oose  Single  Dose 

500  to  700  grarrs      700  lo  1350  grams     700  lo  HQO  grams 


1  vs  3  Doses 

70010 1100  grams 


Table  3  Satety  Assessments'-Prophylaclic  Treatment 

Number  ol  Doses 

Single  Dose 

Single  Dose 

Single  Dose 

1  VS  3  Doses 

Bino  Weight  Range 

500 10 

OOgiams 

700  to  1 

350  grams 

70010 1100  grams 

700 10 1100  grams 

Placebo 

Placebo 

Placebo 

EXOSURF 

EXOSURF 

Treatment  Group 

lAir) 

EXOSUBF 

(All] 

EXOSURF 

lAir) 

EXOSURF 

IDose 

3  Doses 

Number  ol  Inlants 

N  =  108 

N=107 

N  =  193 

N=192 

N=222 

N=224 

N=356 

N=360 

%  ol  Inlants 

%  of  Inlants 

%  ol  mlanls 

%ol  mlanls 

niraveniricular  Hemorrhage 

IIVHI 

Overall 

51 

57 

31 

27 

36 

36 

38 

35 

Severe  IVH 

26 

25 

10 

3 

13 

14 

9 

9 

Pulmonary  Sir  LeaklPALI 

Overall 

52 

48 

16 

11 

32 

25 

29 

27 

Pneumothorax 

23 

to- 

5 

6 

19 

tr 

14 

12 

Pneumopericardium 

1 

2 

0 

<1 

1 

1 

Pneumomediasimum 

2 

2 

3 

7 

1" 

2 

Pulmonary  interstitial 

43 

44 

13 

7- 

26 

20 

23 

22 

Emphysema 

Death  irom  PAL 

4 

<1 

<1 

2 

1 

1 

f^tenl  Ductus  Arteriosus 

49 

53 

66 

70 

50 

55 

59 

57 

Necrotizing  Enterocolitis 

2 

11 

13 

3 

4 

2- 

Pulmonary  Hemorrtiage 

2 

10" 

2 

4 

1 

4 

6 

Congenital  Pneumonia 

4 

2 

4 

•      2 

2 

1 

Nosocomial  Pneumonia 

10 

10 

2 

4 

4 

7 

14 

15 

Non-Pulmonary  Infections 

33 

35 

34 

39 

28 

29 

35 

34 

Sepsis 

30 

34 

30 

34 

23 

24 

30 

27 

Death  Fiom  Sepsis 

4 

3 

3 

1 

2 

2 

Meningitis 

4 

3 

1 

2 

3 

2 

Other  inlections 

7 

5 

3 

6 

10 

10 

11 

Maior  Anomalies 

3 

2 

4 

7 

4 

4 

4 

Placebo  Placebo  Placebo  EXOSURF     EXOSURF 

Trealmeni  Group       (Air|     EXOSURF     lAir]     EXOSURF     |Air|      EXOSURF       1 0ose       3  Doses 

Number  01  inlants      N=108     N  =  107     N  =  193     N=192     N=222      N  =  224        N=356        N=360 


Hypolension 

70 

77 

52 

47 

59 

62 

54 

50 

Hyperbilirubinemia 

22 

21 

63 

61 

27 

31 

20 

21 

Exchange  Transfusion 

4 

3 

1 

2 

2 

2 

3 

1 

Thrombocytopenia'' 

21 

25 

not  available 

9 

9 

12 

10 

Persistent  Fetal  Circulation 

0 

1 

1 

1 

0 

2- 

1 

<1 

Seizures 

11 

8 

2 

2 

11 

9 

6 

5 

Apnea 

34 

33 

76 

73 

55 

65- 

62 

6fl 

Drug  Therapy 

Antibiotics 

96 

99 

98 

96 

98 

99 

>99 

99 

Diuielics 

55 

60 

39 

37 

59 

63 

64 

65 

Anticonvulsants 

14 

18 

23 

24 

20 

16 

9 

8 

inolropes 

46 

40 

20 

20 

26 

20 

28 

27 

Sedalives 

62 

71 

65 

64 

63 

57 

52 

52 

Pancuronium 

19 

11 

22 

14- 

19 

13- 

15 

11 

Melhyixanfhines 

38 

43 

77 

77 

61 

72- 

75 

82 

'  All  parameiers  were  examined  wiih  as-ireaied 
» Thrombocytopenia  reguirmg  platelet  uanslusion 

analyses 

•  p<0  05 

•  p<0  01 

Table  4:  Salety  Assessments'-Rescue  Treatment 

Number  ol  Doses 
Birth  Weight  Range 

Two  Doses 
70010  1350  grams 

Two  Doses 
1250  grams  and  above 

Treatment  Group      Placebo  (Air|      EXOSURF 
Number  of  Inlants          N  =  213            N  =  206 

Placebo  (Airi      EXOSURF 
N=622            N=615 

%  ol  Inlants 

%  of  Infants 

Intraventricular  Hemorrhage  (IVH) 

Overall 

48 

52 

23 

18- 

Severe  IVH 

13 

9 

5 

4 

Pulmonary  Air  Leak  IPAL) 

Overall 

54 

34— 

30 

18— 

Pneumotfiorax 

29 

20- 

20 

10--* 

PneumopencarcJium 

4 

1 

1 

2 

Pneumomediastinum 

8 

4 

5 

2-- 

Pulmonary  Interstitial  Emphysema 

48 

25— 

24 

13-" 

Oeatli  Irom  PAL 

7 

3 

<1 

1 

Patent  Ductus  Arteriosus 

66 

57 

54 

45- 

Necrotizing  Enferocofllis 

3 

3 

1 

2 

Pulmonary  Hemorrhage 

3 

1 

<1 

1 

Congenital  Pneumonia 

2 

3 

2 

2 

Nosocomial  Pneumonia 

5 

7 

2 

2 

Non-Pulmonary  Infections 

19 

22 

13 

13 

Sepsis 

15 

17 

8 

8 

Deafti  From  Sepsis 

<1 

<1 

1 

<1 

f^eningilis 

1 

<1 

1 

<1- 

Other  Inlections 

5 

B 

5 

6 

f^ajor  Anomalies 

3 

3 

4 

4 

Hypotension 

62 

57 

50 

39-- 

Hyperbilirubinemia 

17 

19 

12 

10 

Exctiange  Transtusion 

3 

4 

1 

2 

Thrombocytopenia^ 

10 

11 

4 

<f- 

Persislent  Fetal  Circulation 

1 

1 

6 

2" 

Seizures 

10 

10 

6 

3- 

Apnea 

48 

65" 

37 

44- 

Drug  Therapy 

Antibiotics 

100 

99 

98 

98 

Diuretics 

60 

65 

45 

34  — 

Anticonvulsants 

17 

17 

to 

5" 

Inotropes 

36 

31 

27 

16— 

Sedatives 

72 

68 

76 

64— 

Pancuronium 

34 

17-- 

33 

15— 

Methylxanthines 

62 

74-- 

49 

53 

'  All  parameters  were  examined  wilh 

aslrealed  ■  analyses 

-  p<0  05 

---  p<0  001 

^Thrombocytopenia  requirtn 

g  platelet  transfusion 

--p<0  01 

Pulmonary  Hemorrhage:  See  WARNINGS  Abnormal  Laboratory  Values  Abnormal  laDoralory  values  are  com- 
mon mcniically  ill  mechanically  ventilated  premature  infants  Ahigher  incidence  of  abnormal  laDoratory  values 
in  the  Exosuri  Neonatal  group  was  not  reported  Events  During  Dosing :  Data  on  events  during  dosing  are  available 
from  more  than  8800  inlants  m  the  open  unconlrolled  clinical  study  (TaDle  5) 


Table  5:  Events  During  Dosing  In  the  Open.  Uncontrolled  Study* 

Treatment  Type 

Prophylactic  Treatment 

Rescue  Treatment 

Number  ol  Infants 

N  =  1127 

N  =  7711 

%  ol  Inlants 

%  ol  Infants 

Reflux  of  Exosuri 

20 

31 

Drop  in  0,  saturation  (>  20%) 

6 

22 

Rise  mO,  saturation  (>  10%) 

5 

6 

Drop  in  transcutaneous  pO,  1  >  20  mm  Hg) 

1 

8 

Rise  in  transcutaneous  pO,  (  >  20  mm  Hg) 

2 

5 

Drop  in  transcutaneous  pCO,  (  >  20  mm  Hg) 

<1 

1 

Rise  in  transcutaneous  pCO,  t  >  20  mm  Hg) 

1 

3 

Bradycardia  t<60  beals/min) 

1 

3 

Tachycardia  |>200  beals/min) 

<1 

<1 

Gagging 

1 

5 

Mucous  Plugs 

<1 

<1 

^  Inlants  may  have  experienced  more  than  one  event 
Investigators  were  prohibited  from  adjusting  FiO,  and/or  ventilalor  settings  during  dosing  unless  significant 
clinical  deterioration  occurred 

Reflux:  Reflux  ol  Exosuri  Neonaial  into  Ihe  endotracheal  tube  during  dosmg  has  been  oDserved  and  may  De 
associated  with  rapid  drug  administration  II  reflux  occurs,  drug  administration  should  De  halted  and  if  necessary 
peak  inspiratory  pressure  on  Ihe  venlilator  should  De  increased  Dy  4  to  5  cm  H,0  until  the  endotracheal  tuDe 
clears  >20%  Drop  in  Trdnscutaneous  Oxygen  Saturation  If  transcutaneous  oxygen  saturation  declines  dur- 
ing dosing  drug  admmislralion  should  be  halted  and  if  necessary  peak  inspiralory  pressure  on  Ihe  ventilator 
should  be  increased  by  4  to  5  cm  H,0  for  1  lo  2  minutes  In  addition,  increases  of  FiO,  may  be  required  lor  1 
to  2  minutes  Mucous  ffuffs  See  WARNINGS 
DOSAGE  AND  ADMINISTRATION  See  full  product  inlormation 
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ABSTRACTS 


aerosol  deposition.  The  nebulizers 
tested  were  the  Marquest  Respirgard 
11  and  the  Cadema  AeroTech  11,  both 
previously  characterized  in  our  labor- 
atory. The  aerosol  particles  consist  of 
water  droplets  containing  dissolved 
pentamidine  and  technetium  99m 
bound  to  albumin.  Analysis  of  par- 
ticles sampled  during  inhalation  via 
cascade  impaction  confirmed  a  close 
relationship  between  radioactivity  in 
the  droplets  and  the  concentration  of 
pentamidine  as  measured  by  HPLC 
(r  =  0.971,  p<  0.0001;  n=  18).  Dep- 
osition was  measured  by  capturing 
inhaled  and  exhaled  particles  on 
absolute  filters  and  measuring  radio- 
activity. This  technique  allows  the 
determination  of  the  deposition  frac- 
tion fDF,  the  fraction  of  the  amount 
inhaled  that  is  deposited),  which  pro- 
vides the  information  on  factors 
strictly  related  to  the  patient.  To  con- 
firm the  filter  measurements,  pen- 
tamidine deposition  was  also  meas- 
ured by  gamma  camera.  The  camera 
measurement  was  possible  because 
each  patient's  thoracic  attenuation  of 
radioactivity  was  determined  by  a 
quantitative  perfusion  scan  (mg  pen- 
tamidine deposited  via  both  tech- 
niques, r  =  0.949.  p  <  0.0001:  n  = 
26).  Regional  lung  volume  and  ven- 
tilation were  determined  by  xenon 
133  equilibrium  scan  and  washout. 
Pentamidine  deposition  varied  mark- 
edly between  patients,  but  BAL  lev- 
els of  pentamidine  significantly  cor- 
related with  measured  deposition  (r  = 
0.819,  p  <  0.01;  n  =  9).  DF  averaged 
0.621  0.027  (SEM)  and  did  not  cor- 
relate with  any  measured  lung 
parameter,  including  breathing  pat- 
tern and  PPT.  Regional  deposition 
did  not  correlate  with  regional  \en- 
tilation.  The  major  factor  influencing 
pentamidine  deposition  was  aerosol 
delivery  (mg  deposited  versus  mg 
inhaled;  r  =  0.963,  p  <  0.001;  n  = 
26).  The  nebulizer  was  an  important 
determinant  of  aerosol  deliverv.  with 
the  AeroTech  delivering  between  2.5 
and  .5  times  more  drusi  than  the  Res- 


pirgard. These  observations  are 
important  in  assessing  treatment  fail- 
ure and  cost  of  therapy. 


Risk  Factors  for  the  Misdiagnosis 
of  Pneumothorax  in  the  Intensive 
Care  Unit— MH  KoUef.  Crit  Care 
Med  1991;  19:906. 

OBJECTIVE:  To  identify  risk  fac- 
tors predisposing  to  the  misdiagnosis 
of  pneumothorax  in  the  ICU. 
DESIGN:  A  prospective  case  series 
investigation.  SETTING:  A  medical 
ICU  service  of  a  military  referral 
hospital.  PATIENTS:  All  adult  med- 
ical ICU  patients  were  evaluated  dur- 
ing a  12-month  period.  Of  464 
admissions.  28  (6'7(-)  were  found  to 
have  acquired  a  pneumothorax  dur- 
ing their  medical  ICU  stay.  INTER- 
VENTIONS: Nineteen  (67.9%) 
patients  with  pneumothorax  were 
diagnosed  correctly  in  initial  pres- 
entation of  their  pneumothorax.  The 
remaining  nine  (32.1%)  patients' 
pneumothoraces  were  misdiagnosed 
at  initial  presentation.  MEASURE- 
MENTS AND  MAIN  RESULTS: 
Tensit)n  pneumothorax  occurred 
more  frequently  in  patients  with  an 
initially  misdiagnosed  pneumothorax 
(33.3%)  than  in  patients  with  pneu- 
mothoraces that  were  correctly  diag- 
nosed during  their  medical  ICU  stay 
(5.3%)  (p  <  0.06).  Thirteen  variables 
chosen  prospectively  were  examined 
using  a  chi-square  statistic.  The  fol- 
lowing four  variables  occurred  sta- 
tistically more  often  in  nine  patients 
with  an  initially  misdiagnosed  pneu- 
mothorax: (a)  mechanical  ventilation 
required  at  the  time  of  the  develop- 
ment of  pneumothorax  (p  <  0.05): 
(b)  an  atypical  radiographic  location 
of  the  pneumothorax  (p  <  0.05);  (c) 
altered  mental  status  exhibited  at  the 
time  of  pneumothorax  presentation 
(p  <  0.05);  and  (d)  development  of 
pneumothorax  after  peak  ph)sician 
staffing  hours  (p  <  0.02).  CONCLU- 
SIONS:   Certain    medical    ICU    pa- 


tients appear  to  be  at  higher  risk  for 
the  initial  misdiagnosis  of  pneu- 
mothorax. Familiarity  with  factors 
predisposing  to  this  problem  should 
allow  for  a  higher  index  of  suspicion 
for  the  diagnosis  of  pneumothorax  in 
critically  ill  patients  and  possibly 
improve  the  early  detection  of  pneu- 
mothorax. 

Sucralfate  versus  Antacids  or  H;- 
Antagonists  for  Stress  Ulcer  Pro- 
phylaxis: A  Meta-Anaiysis  on  Effi- 
cacy   and     Pneumonia     Rate — M 

Tryba.  Crit  Care  Med  1991:19:42. 

OBJECTIVES  AND  METHODS: 
Histamine:  (Hj-receptor  antagonists 
and  antacids  have  been  the  basic 
drugs  for  the  prevention  of  stress 
bleeding  in  ICU  patients  dunng  the 
past  decade.  Recently,  drugs  without 
major  infiuence  on  gastric  pH  have 
been  investigated  in  stress  bleeding 
prophylaxis.  Therefore,  a  meta- 
analysis (Mantel-Haenszel  test)  was 
undertaken  to  determine  the  efficacy 
of  sucralfate  in  the  prevention  of 
macroscopically  visible  stress  bleed- 
ing, as  well  as  the  infiuence  of 
sucralfate  on  the  frequency  of  pul- 
monary infections.  RESULTS:  The 
efficacy  of  sucralfate  was  compared 
with  H:-antagonists  in  nine  studies 
and  with  antacids  in  eight  studies. 
Sucralfate  was  significantly  more 
effective  than  Hj-antagonists  (typical 
odds  ratio  0.532,  95%  confidence 
interval  0.303  to  0.933)  and  equally 
as  effective  as  antacids  (typical  odds 
ratio  0.868.  95%  confidence  interval 
0.452  to  1.667).  The  pneumonia  rates 
of  those  patients  who  were  admin- 
istered sucralfate  were  compared 
with  the  rates  of  those  patients  who 
were  given  H;-antagonists  in  five 
studies  and  with  those  patients  who 
were  gi\en  antacids  in  four  studies. 
Pneumonia  was  a  significantly  more 
frequent  occurrence  under  pro- 
phylaxis with  Hrantagonists  (typical 
odds  ratio  0.498,  95%  confidence 
interval  0.316  to  0.783)  as  well  as 
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with  antacids  (typical  odds  ratio 
0.402.  95%  confidence  interval 
0.2.^5  to  0.687).  CONCLUSION: 
Sucralfate  is  an  effective  drug  for  the 
prevention  of  stress  bleeding  that 
mininii/es  the  risk  of  nosocomial 
pneumonia  in  long-term  ventilated 
ICU  patients. 


Effects  of  Positive  End-Expiratory 
Pressure  on  Alveolar  Recruitment 
and  (ias  Exchange  in  Patients  witii 
the  Adult  Respiratory  Distress 
Syndrome — VM  Ranieri.  NT  Eissa. 
C  Corbeil,  M  Chasse,  J  Braidy.  N 
Matar,  J  Milic-Emili.  Am  Rev  Respir 
Dis  |9Q1:I44:544. 

The  effects  of  different  levels  of  pos- 
itive end-expiratory  pressure  (PEEP) 
(zero  to  15  cm  H:0)  on  the  static 
inflation  volume-pressure  (V-P) 
curve  of  the  respiratory  system  and 
on    gas   exchange    were    studied    in 


eight  patients  with  the  adult  res- 
piratory distress  syndrome  (ARLOS). 
Aheolar  recruitment  with  PEEP  was 
quantified  in  terms  ot  recruited  vol- 
ume, ie.  as  difference  in  lung  \i)lume 
between  PEEP  and  zero  end-ex- 
piratory pressure  (ZEEP)  for  the 
same  static  inflation  pressure  (20  cm 
H;0)  from  the  V-P  curves  obtaineil 
at  the  different  PEEP  le\els.  In  addi- 
tion, static  compliance  of  the  res- 
piratory system  at  fixed  tidal  volume 
(0.7  L)  was  determined  at  the  differ- 
ent PEEP  levels.  The  results  suggest 
that  (1)  in  some  patients  with  ARDS 
the  V-P  curves  determined  on  ZEEP 
exhibit  an  upward  concavity  reflect- 
ing progressive  alveolar  recruitment 
v\  ith  increasing  intlation  volume  and 
PEEP  results  in  alveolar  recruitment 
(range  of  recruited  volume  at  15  cm 
H:0  of  PEEP:  0.1 1  to  0.36  L);  (2)  in 
other  patients  with  ARDS  the  V-P 
curves  on  ZEEP  are  characterized  by 
an    upward    convexity,    and    PEEP 


results  in  a  siilume  displacement 
along  this  curse  wilhoul  aheolar 
recruitment  and  with  enhanced  risk 
of  barotrauma;  {})  the  PEEP-induced 
increase  in  arterial  oxygenation  is 
significantly  correlatetl  to  the 
recruited  volume,  but  not  to  the 
changes  in  static  compliance.  The 
shape  of  the  static  inflation  V-P 
curves  on  ZEEP  allows  the  pre- 
diction of  alveolar  recruitment  with 
PEEP. 


The  Influence  of  Cigarette  Smok- 
ing on  Eung  Function  in  Patients 
with  Idiopathic  Pulmonary  Fibro- 
sis— DA  Schwartz.  RK  Merchant. 
RA  Helmers.  SR  Gilbert.  CS  Dayton. 
GW  Hunninghake.  Am  Rev  Respir 
Dis  1991:144^504. 

The  purpose  of  this  investigation  was 
to  quantify  the  effect  of  cigarette 
smoking    on    standard    measures   of 
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lung  t'unctiiMi  in  patients  with  idi- 
opathic pulmonary  fibrosis  (IPF). 
Oiir  study  population  consisted  of  73 
patients  in  whom  IPF  had  been  clin- 
ically diagnosed:  in  67'X-  the  diagno- 
sis was  confirmed  by  open  lung 
biopsy.  TTie  average  age  was  63  yr; 
62%  were  men,  and  70%  were  either 
former  or  current  cigarette  smokers. 
Current  cigarette  smokers  were 
found  to  have  a  greater  percent  pre- 
dicted residual  volume.  Interestingly, 
in  a  univariate  analysis,  pack-years 
of  cigarette  smoking  was  found  to  be 
directly  associated  with  increased 
measures  of  lung  volumes  (TLC, 
FRC,  and  RV)  and  diminished  gas 
exchange  (Dico).  Linear  multivariate 
regression  models  demonstrated  that 
current  cigarette  smokers  have 
greater  measures  of  RV.and  FRC  and 
that  increasing  pack-years  of  cigar- 
ette smoking  is  associated  with 
diminished  gas  exchange.  Impor- 
tantly, the  FEV|/FVC  ratio  was  not 


significantly  related  to  cither  smok- 
ing status  or  pack-years  of  cigarette 
smoking.  Results  from  our  study 
indicated  that  among  patients  with 
IPF.  current  cigarette  smokers  will 
tend  to  trap  air  (higher  RV  and 
FRC).  and  that  cigarette  smoking 
appears  to  adversely  alter  gas 
exchange.  Moreover,  IPF  appears  to 
reduce  the  likelihood  of  developing 
physiologic  correlates  of  airflow 
obstruction  among  cigarette  smokers. 
However,  this  does  not  imply  that 
IPF  prevents  the  development  of  cig- 
arette-induced lung  disease.  In  fact, 
the  association  between  cigarette 
smoking  and  both  increased  lung 
volumes  and  diminished  gas 
exchange  suggests  the  presence  of 
both  emphysema  and  interstitial 
fibrosis.  In  aggregate,  these  findings 
indicate  that  measures  of  lung  func- 
tion may  be  insensitive  in  estimating 
the  extent  of  restrictive,  as  well  as 
obstructive,  lung  function  in  patients 


with  pulmonary  fibrtisis  who  smoke 
cigarettes.  However,  the  Dico  ap- 
pears to  provide  a  means  of  assessing 
the  relative  contribution  of  IPF  and 
cigarette  smoking  to  impaired  lung 
function.  The.se  findings  have  clear 
implications  for  diagnostic  criteria 
used  to  evaluate  patients  with  IPF 
and  should  be  considered  when 
assessing  the  degree  of  lung  impair- 
ment in  these  patients. 


A  Preliminary  Report  of  Prenatal 
Cocaine  Kxposurc  and  Respiratory 
Distress  Syndrome  in  Premature 
Infants — B  Zuckerman,  EC  May- 
nard.  H  Cabral.  AiDC  1991:145:696. 

A  prospective  study  of  maternal  drug 
use  during  pregnancy  and  newborn 
outcomes  pro\ ided  us  with  an  oppor- 
tunity to  assess  the  relationship  be- 
tween prenatal  cocaine  use  and  res- 
piratory   distress    syndrome    among 
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inhalation  and  the  potential  benefits 
of  early  use  of  inhaled  antiinflam- 
matory dnjgs  to  be  assessed. 


Airway  Pressure-Release  Ventila- 
tion in  Severe  Acute  Respiratory 
Failure — RD  Cane,  WT  Peruzzi,  BA 
Shapiro.  Chest  1991:100:460. 

Airway  pressure-release  ventilation 
(APRV),  a  new  ventilatory  support 
technique,  was  compared  with  con- 
ventional intermittent  positive-pres- 
sure ventilation  plus  PEEP  (CPPV)  in 
18  patients  with  severe  acute  res- 
piratory failure.  Patients  were  ini- 
tially stabilized  on  CPPV  and  then 
switched  to  APRV.  The  APRV  pro- 
vided effective  ventilatory  support  in 
17  of  18  patients;  APRV  achieved 
similar  levels  of  alveolar  ventilation 
as  CPPV  (for  APRV,  mean  Paco2  = 
45.0  ±  6.2  torr;  vs  for  CPPV,  mean 
PaCCh  =  43.3  5.7  torr),  with  sig- 
nificantly lower  mean  maximum  air- 
way pressures  (38.9  ±  10.1  cm  H:0 
vs  64.6  ±  15.4  cm  H.O  p  =  0.0001) 
and  mean  Vt  (0.79  ±0.11  L  vs 
1.05  ±  0.15  L;  p  =  0.0002).  No  sig- 
nificant differences  in  mean  airway 
pressure,  end-expiratory  pressure, 
Fio:,  ventilator  rate,  arterial  blood  gas 
levels,  and  hemodynamic  function 
were  noted  between  APRV  and 
CPPV. 

Review  of  Positive  End-Expiratory 
Pressure  and  Its  Application  in  the 
Hyperbaric  Environment — BA  Youn. 
R  Houseknecht,  A  DeAntonio.  J  Hy- 
perbaric Med  1991:6(2):87. 

With  the  growth  of  hyperbaric  med- 
icine in  recent  years,  the  treatment  of 
the  mechanically  ventilated  patient 
has  become  more  routine.  Many  crit- 
ically ill  patients  may  require  positive 
end-expiratory  pressure  (PEEP)  to 
maintain  and  optimize  oxygenation. 


Numerous  types  of  PEEP  valves  are 
available  that  can  be  adapted  for  use 
in  the  hyperbaric  chamber.  In  our 
experience  we  have  found  sig- 
nificant variation  in  the  measured 
level  of  PEEP,  depending  on  the 
amount  of  pressure  and  type  of 
PEEP  valve  used.  These  observa- 
tions prompted  a  review  of  the  tech- 
nical and  physical  aspects  of  PEEP 
and  PEEP  devices,  the  types  avail- 
able, and  costs.  Four  types  of  PEEP 
valves  were  tested  at  1,2.  3,  and  6 
atm  abs:  floating  ball,  spring  loaded, 
magnetic,  and  water  column.  We 
found  that  all  PEEP  vahes  increase 
the  level  of  PEEP  at  depth  in  varying 
amounts.  Clinically,  the  changes  in 
PEEP  levels  subject  the  patient  to 
increased  risks  of  barotrauma  and 
untoward  hemodynamic  effects  of 
additional  PEEP.  These  effects  of 
"occult"  increases  in  PEEP  should 
be  recognized  and  compensated  for 
to  provide  state-of-the-art  care  of  the 
critically  ill  patient.  We  recommend 
that  airway  pressure  be  continuously 
monitored,  that  only  adjustable 
PEEP  valves  be  used,  and  that  the 
level  of  PEEP  be  re-adjusted  afier 
any  change  in  pressure. 

Prospective  Study  of  Nosocomial 
Pneumonia  and  of  Patient  and 
Circuit  Colonization  during  Me- 
chanical Ventilation  with  Circuit 
Changes  Every  48  Hours  versus 
No  Change — D  Dreyfuss,  K  Dje- 
daini,  P  Weber,  P  Brun,  J-J  Lanore,  J 
Rahmani,  et  al.  Am  Rev  Respir  Dis 
1991:143:738. 

Circuits  on  mechanical  ventilators 
with  ca.scade  humidifiers  are  rou- 
tinely changed  every  day  or  every 
other  day,  although  humidifying  cas- 
cades have  been  considered  unlikely 
to  increase  the  risk  of  respiratory 
infection  because  they  do  not  gener- 
ate   aerosols.    Moreover,    changing 


\entilator  tubings  c\ery  24  rather 
than  every  48  hours  increases  the 
risk  of  ventilator-associated  pneu- 
monia. To  studs  the  effects  of  ven- 
tilator circuit  changes  on  the  rate  of 
nosocomial  pneumonia  and  on 
patient  and  circuit  colonization,  73 
consecutive  patients  requiring  con- 
tinuous mechanical  ventilation  for 
more  than  48  hours  were  randomly 
assigned  to  either  ventilator  circuit 
changes  every  48  hours  (Group  1.  n 
=  38)  or  no  change  (Group  2.  n  = 
35).  Patients  dying  or  being  weaned 
before  96  h  were  not  analyzed 
(Group  1.  n  =  3:  Group  2,  n  =  7); 
leaving  Group  1.  n  =  35  and  Group 
2,  n  =  28:  p  =  ().  13).  Ventilator-as- 
sociated pneumonia  was  defined  as 
the  occurrence  during  mechanical 
ventilation  or  within  48  hours  after 
weaning  of  a  new  and  persistent  ifil- 
trate  on  chest  x-ray.  purulent  tracheal 
secretions,  and  a  positive  culture  of  a 
protected  brush  specimen  (10'  cfu/ 
mL).  Bacterial  colonization  was 
assessed  every  48  h  by  quantitati\c 
cultures  of  pharyngeal  sw  ab.  iriichcal 
aspirate,  humidifying  cascade,  and 
expiratory  tubing  trap.  The  two 
groups  were  similar  in  terms  of  age, 
indication  for  and  duration  of  ven- 
tilation, and  severity  of  illness.  The 
incidence  of  pneumonia  was  similar 
in  both  groups  (11  of  35  and  8  of  28 
in  Groups  1  and  2.  respectively:  p  = 
0.8),  as  was  the  duration  of  ventila- 
tion before  pneumonia  (10. 1  ±5.8 
versus  9.1  ±  2.9  days:  p  =  0.7).  The 
le\el  of  colonization  by  both  gram- 
positive  and  gram-negative  bacteria 
was  the  same  in  both  groups.  We 
conclude  that  not  changing  \cntilator 
circuits  during  mechanical  ventila- 
tion has  no  adverse  effect  on  the  rate 
of  nosocomial  pneumonia  or  on 
patient  and  circuit  colonization.  Sub- 
stantial savings  in  expenses  of  tubing 
and  personnel  time  could  be  obtained 
uilhoLiI  apparenl  adverse  effect. 
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ptcmatuiL'  mlanls.  Women  weiv  cod- 
soculiscl)  iwruitcd  trcim  the  prenatal 
clinics  at  Bostt)n  (Mass)  Cits  Hos 
pital  between  1484  and  1988  and 
were  interviewed  during  the  prenatal 
and  postpartum  period  by  tranied 
bilingual  interviewers.  Urine  speci- 
mens were  collected  at  the  time  of 
each  interview  and  were  analyzed  for 
marijuana  and  cocaine  metabolites. 
F-olli>\<.  ing  deli\ery.  one  of  fi\e  pedi- 
atricians who  were  "blinded""  to  the 
mothers'  prenatal  and  drug  history 
performed  a  physical  examination 
and  abstracted  medical  information, 
including  the  diagnosis  of  respiratory 
distress  syndrome  from  the  medical 
record.  The  study  sample  consisted 
of  33  infants  born  at  34  weeks"  or 
less  gestation  who  were  appropriate 
for  gestational  age  and  not  exposed 
to  heroin  or  methadone  prenatally. 
Eight  of  the  mothers  of  these  33 
infants  used  cocaine  prenatally.  One 


(12'(l  ol  eight  cocame-exposed 
infants  was  diagiiosctl  as  hasiiig  ics- 
piralt)ry  distress  syndrome  compared 
with  13  infants  (56'f )  not  exposed  to 
cocame  prenatally.  Infants  not 
exposed  had  an  otkis  ratio  of  8.9 
i95'''(  confidence  interval;  0.9.  83. ."i) 
for  respiratory  distress  syndrome 
compared  with  infants  exposed  to 
cocaine  prenatally.  When  the  analy- 
sis was  controlled  for  prolonged  rup- 
ture of  membranes,  black  race,  infant 
gender,  or  gestational  age.  the 
adjusted  odds  ratio  was  essentially 
unchanged.  This  preliminary  obser- 
vation of  a  decreased  incidence  of 
respiratory  distress  syndrome  among 
premature  infants  prenatally  expi)sed 
to  C(icaine  appears  to  be  biologically 
plausible  and  needs  to  be  confirmed 
in  future  studies  with  larger  numbers 
of  subjects  to  control  for  potentially 
confounding  variables. 


Increased  Airways  Reacti\ily  after 
Smoke  Inhalation  .1  Kmsella.  R 
Carter.  Wll  Reid.  D  Campbell.  CJ 
Clark.  Lancet  1991:  337:.S9.S. 

13  tire  \ielinis  who  required  treal- 
ment  alter  smoke  inhalation  under 
x'.enl  lung  function  assessment  within 
3  days  of  injur}  and  3  months  later. 
Initial  airways  hyperreactivity  im- 
proved o\er  this  period,  but  F¥.\' , 
and  airwaNs  specific  conductance  did 
not  change  significanlls .  Ihere  was  a 
strong  correlation  between  exposure 
carboxy  haemoglobin  concent  ration 
(an  indicator  of  smoke  exposure)  and 
initial  airways  specific  ceniductance 
(r  =  0.79;  p  =  0.00(1).  Airways  ob- 
struction after  smoke  inhalation  in 
house  fires  may  be  more  common 
and  more  persistent  than  is  generally 
recognized.  Early  lung  function  tests 
would  allow  the  incidence  of  pul- 
nK)nary    complications    after    smoke 


How  You  Can  Help 
Patients  Stop  Smoking: 


Opportunities  for  Respiratory 
Care  Practitioners 

The  National  Heart,  Lung,  and  Blood  Institute 

has  made  available  "How  You  Can  Help 

Patients  Stop  Smoking:  Opportunities  for 

Respiratory  Care  Practitioners."  This  guide 

was  developed  in  collaboration  with  the 

AARC  and  provides  guidance  on  talking  to 

patients  about  smoking.  Plus,  it  tells  you  how 

to  integrate  a  smoking  intervention  program 

into  a  respiratory  care  department.  Includes 

strategies  for  community  outreach  and 

information  on  smoking  intervention 

techniques  and  tools 

Single  copies  are  free  of  charge  by 
calling  or  writing 

The  National  Heart,  Lung, 

and  Blood  Institute 

Education  Programs  Information  Center 

4733  Bethesda  Avenue,  Suite  #530 

Bethesda,  MD  20814 

(301)951-3260 


Leam  What 
NotToDol 
With  A 
COPD  Patient 


The  Hospitalized  COPD 
Patient:  10  Commandments  | 
for  the  Clinician  —  By  David  J, 
Pierson,  MD.  Takes  you  inside  I 
the  decision-making  process  of 
caring  for  a  resplratoiy  rare 
patient  with  chronic  obstructixe 
pulmonar\'  disease.  Details  the 
"10  romniandments"  for  the 
clinician  to  follow  when 
encountering  the  10  most 
serious  problems  the  COPD 
patient  can  present  to  the 
hospital.  Emphasis  will  focus  on  | 
the  "u'ha(-no(-(o-do,' 
Item  VT29  —  VHS  I 

(60  minutes) 

S40  (Member  $35) 

Add  $3  for  shipping. 

Call  (2 14)  243-2272] 

or  FAX  Your  Order  to 
(214)484-2720 


American  Association 
for  Respiratory  Care 

1 1030  Abies  Lane  •  Dallas.  TX  75229-4593 
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Calendar 
of  Events 


Not-for-profil  organizations  are  offered  a  free  advertisement  of  up  to  eight  lines  to  appear,  on  a  space-available 
basis,  in  Calendar  of  Events  in  Respiratory  Carh.  Ads  for  other  meetings  are  priced  at  $5.50  per  line 
and  require  an  insertion  order.  Deadline  is  the  20th  of  month  two  months  preceding  the  month  you  wish 
the  ad  to  run.  Submit  copy  and  insertion  orders  to:  Calendar  of  Events.  Rhspiratory  Care.  11030  Abies 
Lane.  Dallas  TX  75229-4593. 


AARC  &  AFFILIATES 

January  22-24  in  Clackamas,  Oregon.  The  OSRC  presents 

its  Annual  Educational  Meeting  at  the  Monarch  Motor  Hotel. 
Topics  cover  new  trends  in  neonatal,  pediatric,  and  adult 
ventilation:  ethical  issues;  National  Asthma  Educational 
Program;  and  hyperbaric  medicine.  Social  events  include  a  bus 
trip  to  Mt  Hood  tor  an  evening  of  skiing.  Contact  Mike  Taylor 
at  (503)  280-4797. 

January  25  in  Ruidoso,  New  Mexico.  The  NMSRC  presents 
its  3rd  Annual  Winterfesl  at  the  Swiss  Chalet  Inn.  The  event 
features  general-interest  topics  for  all  respiratory  care 
practitioners.  Contact  Lee  Torres  RRT  at  (505)  624-3556.  or 
wnte  NMSRC,  PO  Box  35417,  Station  D,  Albuquerque  NM 
87176-5417. 

February  7  in  Loma  Linda,  California.  The  CSRC  (Chapter 
II).  Loma  Lmda  L'niversity  and  Mt  San  Antonio  College  present 
the  Second  Annual  Perinatal/Pedialric  NBRC  Specialty  Exam 
Review  Seminar  at  Loma  Linda  University.  Contact  Cindy 
Malinowski.  Nichol  Hall.  Loma  Linda  University.  Loma  Linda 
CA  92350.  (714)824-4932. 

OTHER  MEETINGS 

January  30-31  in  Palm  Springs,  California.  "New  Horizons 
in  Sleep  Disorders  Medicine."  a  two-day  postgraduate  course 
for  all  health  professionals  involved  in  the  diagnosis  and 
treatment  of  sleep  disorders,  is  presented  by  the  California 
Thoracic  Society  and  the  American  Sleep  Disorders  Associ- 
ation. The  program  focuses  on  the  latest  advances  in  sleep 
apnea  and  other  sleep  disorders  and  is  presented  by  an 
internationally  acclaimed  faculty.  Contact  the  California 
Thoracic  Society.  202  Fashion  Ln.  Suite  219.  Tustin  CA  92680. 
(714)730-1944. 


January  31 -February  1  &  2  in  Dallas,  Texas.  Presbyterian 
Hospital  of  Dallas  presents  ils  2nd  Annual  Pennatal/Pediatric 
Respiratory  Care  Review  Course.  This  course  is  designed  to 
assist  RCPs  in  identifying  their  strengths  and  weaknesses  in 
preparation  for  the  Perinatal/Pedialric  Respiratory  Care 
Specialty  Examination.  A  pretest  survey,  lest-taking  skills, 
specialty  lectures,  breakout  sessions,  and  an  informal  review/ 
question  &  answer  session  with  intense  faculty  interaction  are 
presented.  Contact  Ashley  Clark  at  (214)  345-2326. 

February  4-6  in  West  Palm  Beach,  Florida.  The  Miami 
Children's  Hospital  Department  of  Critical  Care  Medicine 
presents  "The  Basics  and  Beyond:  Aeromedical  Concepts." 
This  course  covers  a  wide  range  of  subjects  pertinent  to  RNs. 
EMTs.  RTs.  and  PAs  as  related  to  the  air  transport  of  adult 


or  pediatric  patients.  The  program  is  approved  for  1 8  contact 
hours  by  the  AACN.  NREMT.  AARC.  and  AAPA.  Contact 
Jeffrey  N  Hamilton.  President.  ATS  Inc.  368  Denbigh  Village 
Centre.  Suite  153.  Newpon  News  VA  23602.  (804)  874-4030. 

February  8  in  Breckenridge,  Colorado.  The  Institute  for 
Transtracheal  Oxygen  Therapy  presents  a  workshop  on 
transtracheal  oxygen  therapy.  Topics  include  scientific 
foundations,  patient  selection  and  evaluation,  procedural 
approaches,  follow-up  care,  and  clinical  applications. 
Educational  materials  will  be  included.  Call  or  write  1-800- 
334-41  19.  PO  Box  101886.  Denver  CO  80250-2886.  A  post- 
graduate course  on  Cardiopulmonary  Wellness  and  Rehabil- 
itation follows  this  workshop  on  February  9-12.  Sponsored 
by  St  Helena  Hospital  and  American  College  of  Chest 
Physicians,  contact  ACCP  at  (708)  498-1400. 

February  12-14  in  Mexico  City,  Mexico.  The  Consejo 
Mexicano  de  Inhaloterapia  presents  the  1st  International 
Congress  of  Respiratory  Therapy  at  the  Hotel  Paraiso  Radisson 
Perisur.  International  speakers  and  exhibits  are  featured.  Contact 
Dr  Hector  Leon  Garza  at  01 1-525-588-7386.  or  fax  01 1-525- 
578-8952. 

March  3-5  in  Manassas,  Virginia.  Mercy  Medical  Airlift  and 
Prince  William  Hospital  present  "The  Basics  and  Beyond: 
Aeromedical  Concepts."  This  course  covers  a  wide  range  of 
subjects  pertinent  to  RNs.  EMTs.  RTs.  and  PAs  as  related 
to  the  air  transport  of  adult  or  pediatric  patients.  The  program 
is  approved  for  18  contact  hours  by  the  AACN.  NREMT. 
AARC.  and  AAPA.  Contact  Jeffrey  N  Hamilton.  President. 
ATS  Inc.  368  Denbigh  Village  Centre.  Suite  153.  Newport 
News  VA  23602.  (804)  874-4030. 

March  31-April  2  in  .\llentown,  Pennsylvania.  MedEscort 
International  Inc  presents  "The  Basics  and  Beyond: 
Aeromedical  Concepts."  This  course  covers  a  wide  range  of 
subjects  pertinent  to  RNs.  EMTs.  RTs.  and  PAs  as  related 
to  the  air  transport  of  adult  or  pediatric  patients.  The  program 
is  approved  for  18  contact  hours  by  the  AACN.  NREMT. 
AARC,  and  AAPA.  Contact  Jeffrey  N  Hamilton.  President, 
ATS  Inc.  .368  Denbigh  Village  Centre.  Suite  153.  Newport 
News  VA  23602,  (S()4)  874-4030. 

April  5-12  on  Eastern  Caribbean  8-Day  Cruise.  LIFE 
Unlimited  announces  an  8-day  cruise  for  pulmonary  patients, 
friends,  and  families  aboard  the  SS  Seabreeze  from  Miami 
to  San  Juan.  St  Barts.  and  St  Thomas.  Includes  all  on-board 
meals,  entertainment,  prescribed  respiratory  care  services,  and 
private  escorted  tours.  Deadline  for  paid  reservations  is  Feb. 
14  with  discounts  prior  to  Jan  3.  Take  your  pulmonary  patients 
on  a  professionally  supervised  cruise.  Contact  Da\e  Robbins 
at  1-800-327-5540  or  (.305)  441-6819. 
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What  do  you  say  when 

an  account  leaves  you 

after  10  great  years? 

W  Ir'u   we  began  working  wiili   Ciorning       agency,  lugetlier  we  ve  suca'ssliillv  iiurucliued 


Medical,  the  forerunner  of  Ciba  Corning  the  175,  178,  and  the  200  Series  Blood  Gas 

Diagnostics  Corp.  back  in  Analvzers.  the  Magic 

1081,     they     were     a           r t  it  m                        and       Magic       Lite 

growing  company  with              m      m  mm  m  m  I m\i^S^             Immunoassay  Systems, 

iimovative  ideas.  Well,  so  and  a  company  name 

were  we.  And  over  the  last  10  years.  weVe  change.  And  in  the  process,  weVe  bodi  learned, 

grown  up  together.  They've  grown  to  be  a  grown,  and  prospered.  So  we'd  just  like  to  say 

world   leader.    And   we've   become   New  thanks,  Ciba  Coming.  We  hope  the  next  ten 

England s  largest  medical/scientific  advertismg  years  are  just  as  rewarding  for  both  of  us. 


)M 


280  Summer  Street  Boston.  Massachusetts  02210    Tel  617  4.39  0288    Fax  617  4.30  0.323    Modem  617  737  7633 

Circle  130  on  reader  service  card 


Nothing  says  more  about  the  quality  of  a  company  — 

its  products,  services,  and  people  —  than  the  longevity  of  it^ 

customer  relationships.  In  our  13  years  in  the  cardiopulmonary 

market,  Medical  Graphics  Corporation  has  established  an  enviable 

record  of  customer  loyalty  —  ranging  from  the  small  clinic  and 

physician's  office,  to  large  research  hospitals,  and  even  to  NASA, 

who  will  be  relying  on  MedGraphics  quality  during  many  of  its 

Space  Shuttle  missions. 


^-ac^ 

^mH 

z53 

When 
Quality 
is  the 
Question ... 


Med 


Over  the  years,  we  hai'e  worked  closely  with 
our  customers  to  define  the  standards  of 
quality.  First  and  foremost,  our  systems 
answer  the  need  for  accuracy.  Reliability, 
expandability,  ease  of  use,  and  cost- 
effectiveness  are  also  hallmarks  of  the 
MedGraphics  name.  These  standards  have 
guided  the  development  of  the  MedGraphics 
Pulmonary  Function  Testing  System  1070 
and  the  Body  Plethysmography  System  1085 
(shown  here)  which  have  come  to  be  regarded 
worldiuide  as  simply  the  best.  ^  Noiv,  toe  are 
pleased  to  announce  that  both  of  these 
systems  are  available  with  our  neio 
generation  of  easier-than-ever-to-use  software 
—  BREEZE  "■'.        Also  neio  — 
our  Body  Plethysmography  System  1085D  jeulures  complete  lung  function 
capabilities  including  diffusing  capacity  measurement. 


The  new  MedGraphics  BREEZE  diagnostic  software 
-with  its  colorful  icons,  makes  testing  a  breezed 


/);  trull/  critical  situations,  pln/siciaiis  rely  on 
the  MedCraphics  CCM  Critical  G?- 
Management  System  for  vital  metaboh 
measurements  that  can  help  avoid  ventilatory 
complications  arising  from  inappropriate 
nutrition.  In  the  ICU,  the  MedCraphics  CCM 
assesses  nutrition  and  the  mechanics  of 
breathing  to  dramatically  decrease  ventilator 
dependence  and  significantly  improve  patien 
outcome.  ■  Even  neonates  weighing  as  little 

as  500  grams  can  be  accurately  evaluated  for  ventilatory,  metabolic  and  cardiac  function, 
iiuiuding  cardiac  output,  with  the  MedCraphics  Pediatric  CARE""  System  (shown  here). 
Optimal  feeding  and  ventilator  management,  made  possible  by  MedCraphics' 
exclusive  breath-by-breath  gas  exchange  technology,  can  play 
an  important  role  in  increasing  an  infant's  chances  for 
survival  and  improving  its  long-term  quality  of  life. 


Graphics. 


is  the 
Answer. 


The  development  of  MedCraphics'  patented 
breath-by-breath  measurement  technology 
has  advanced  excercise  testing  as  a  major 
diagnostic  tool.  Along  with  pulmonary  and 
cardiac  specialists,  a  growing  number  of 
internists  and  other  medical  professionals 
are  using  the  MedCraphics  CPX 
Cardiopulmonary  Exercise  System  to 
accurately  diagnose  the  cause  of  shortness  of 
breath  and  better  evaluate  the  effectiveness 
of  therapy.  No  other  exercise  system  gives  a 
more  precise  determination  of  maximal 
oxygen  uptake  and  anaerobic  threshold. 
Medical  Craphics  Corporation  continues  to 
lead  the  field  in  developing  innovative  solutions  to  meet  the 
eiK'r-changing,  practical  and  technical  needs  of  the  clinician. 
Our  revolutionary  nexo  MedCraphics  pneumotach  — 
weighing  less  timn  an  ounce  — 
is  a  major  advance  in  patient  comfort. 
Unsurpassed  in  accuracy,  yet  completely 
disposable,  it  is  the  first  in  a  series  of  MedCraphics  products 
designed  to  guarantee  complete  infection  control. 

Circle  129  on  reader  service  card 


Call  us  for  more 
information  on  the 
complete  line  of 
MedCraphics  products, 
services  and  accredited 
educational  progratns  — 
l-SOO-950-5597. 


MedGraphics. 

Cdrdioresfuratofy  Diagnostic  Systems 

Medical  Graphics  Corporation 
350  Oal<  Grove  Parkway 
Saint  Paul,  Minnesota  55127 
612/484-4874 


Earn  Continuing  Education  Credits 
with  Live  Satellite  Videoconferences. 

Professor's  Rounds  in  Respiratory  Care 

Each  Program  is  1  V2  Hours  Long  and  Earns  One  Continuing  Education  Credit. 

Pressure    Support    During    Mechanical    Ventilation 

January  28,  1992,  11:30  a.m.-1:00  p.m.  Eastern  Time  •  Neil  R   Maclntyre.  MD  and  David  J  Pierson,  MD — This  videoconference  will  help  you 
understand  what  pressure  support  is,  how  it  ditters  from  other  methods  of  applying  pressure  to  the  ain/vay,  and  how  it  is  used  dunng  ventilator  weaning.  You 
will  learn  the  clinical  situations  in  which  pressure  support  may  be  useful  and  how  to  determine  appropriate  levels  of  pressure  support  in  different  situations. 

Hemodynamic    Monitoring 

March  31.  1992,  11:30  a.m.-1:00  p.m.  Eastern  Time  •  John  J   IVIanni,  MD  and   David  J  Pierson,  MD — This  session  will  help  you  know  the  different 
forms  of  invasive  and  noninvasive  hemodynamic  monitonng  currently  used  in  intensive  care  and  the  mam  complications  of  invasive  hemodynamic 
monitonng.  Also  learn  how  to  determine  what  level  of  monitonng  is  appropnate  for  a  given  patient  and  understand  how  positive  and  end-expiratory  pressure 
and  other  therapies  affect  hemodynamic  parameters. 

Weaning   from    Mechanical    Ventilation 

May  6,  1992,  12:30-2:00  p.m.  Eastern  Time  •  Martin  J  Tobin,  MD  and  David  J   Pierson,  MD — After  viewing  this  videoconference  you  will  know  the 
different  basic  approaches  to  ventilator  weaning,  how  they  differ,  and  the  main  causes  for  weaning  failure  You  will  also  receive  an  understanding  of  the 
differences  in  weaning  from  short-term  and  long-term  mechanical  ventilation- 
Pulmonary    Rehabilitation 

July  9,  1992,  12:30-2:00  p.m.  Eastern  Time  •  Barry  Make.  MD  and  David  J   Pierson,  MD — Learn  the  components  of  a  comprehensive  rehabilitation 
program  and  how  to  assess  a  patient's  progress  and  follow-up.  Learn  and  understand  how  to  select  appropriate  candidates  for  pulmonary  rehabilitation  and 
how  to  identify  and  set  both  short-term  and  long-term  goals  for  patients. 

Aerosol    Administration 

September  23,  1992,  12:30-2:00  p.m.  Eastern  Time  •  Dean  Hess,  MEd,  RRT  and  David  J   Pierson,  MD — Know  the  basic  principles  underiying  the 
therapeutic  use  of  drugs  by  the  aerosol  route  as  well  as  the  differences  in  efficacy  and  use  of  melered-dose  inhalers  vs.  nebulizers.  Leam  how  to  administer 
and  assess  the  effects  of  bronchodilators  dunng  mechanical  ventilation  and  the  techniques  for  correct  use  of  aerosol  devices  by  patients. 

Prevention    of    Postoperative    Atelectasis    and    Pneumonia 

November  17,  1992,  12:30-2:00  p.m.  Eastern  Time  •  Richard  D   Branson.  RRT  and  David  J   Pierson,  MD — Understand  the  pathogensis  of 
postoperative  atelectasis  and  pneumonia  and  know  how  to  decrease  the  nsk  of  nosocomial  pneumonia  in  intubated  ICU  patients.  Leam  fiow  to  identify 
patients  at  increased  nsk  for  developing  postoperative  atelectasis  and  pneumonia  and  the  roles  of  chest  physiotherapy,  bronchoscopy,  and  other  therapies 
in  managing  acute  lobar  atelectasis. 

Tapes  and  Options  for  Those  Without  Satellite  Reception 

If  you  want  to  participate  live  and  earn  CEUs,  you  may  consider  using  a  local  college,  hotel,  library,  sports  bar,  or  any  site  with  a  receiving  dish.  Tapes  of  each 
program  will  be  available  after  the  broadcast  (tapes  do  not  earn  continuing  education  credit)    Call  (214)  243-2272  for  information  about  videotapes. 
Individuals  may  also  register  for  the  series  at  designated  open  sites.  Call  (214)  830-0061  for  information. 


Site    Registration    Fees 


Registration  Fees 

Individual    Registration    Fees 


Site  registration  includes  program  inlormation.  CEU  application  packet, 

15  won<books  (additional  wori(t>ool<s  can  be  ordered  at  the  tirrie  of  registration) 

Single    Videoconference       All  6  In  Series 
AARC   Member  S.'JS  SI  320 

Nonmember  ?.  '-  51,595 


Individual  registration  includes  one  wort^booi^  and  relerrai  to  an  open  site  in  your  area 

Call  (214)  830-0061  tor  registration  inlormation 

Single    Videoconference       All  6  in  Series 

AARC   Member  S59  S285 

Nonmember  S75  S360 


SAVE  Wo  off  registration  if  you  register  before  December  27.  1991. 
A  Continuing  Education  Program  of  the  American  Association  lor  Respiratory  Care  and  a  Production  of  VHA  Satellite  Network 


n  I    want   continuing   education    credit   for    my    staff.    Register   me   for   the   videoconferences   checked    below. 

HURRY!  Register  before  December  27  and  SAVE  10% 

All   Six   Videoconferences   in   Professor's   Rounds  —  AARC   Member  $1,320,   Nonmember  S1,595 

Rates  for  a  Single  Videoconference  —  AARC  Member  $245,  Nonmember  $295 


D  Pressure  Support  During  Mechanical  Ventilation 
n  Weaning  from  Mechanical  Ventilation 
CD  Aerosol  Administration 


Total  Amount  Enclosed  S_ 


Purchase  Order  Number 

Bill  to  My        MasterCard    C  Visa     Expires . 

Credit  Card  Number 

Signature  


Hemodynamic  Monitoring 
L  Pulmonary  Rehabilitation 
L  Prevention  of  Postoperative  Atelectasis  and  Pneumonia 

Send  Registration   Material  to: 

Teleptione  Number  

Name  


Institution  . 
Address 


AARC  Member  Number  _ 


City/State/Zip__ 


Mail  to:  AARC  Videoconferences  •  ATTN:  Registration  -  SATNET  4  •  P  O  Box  140909  •  Irving,  TX  75014-0909  •  (214)  830-0061  •  FAX  (214)  830-0614 


Original  Contributions 


Comparability  of  Pulmonary  Function  Results  from  13 
Laboratories  in  a  Metropolitan  Area 

Jack  Wanger  MBA  RPFT  RRT  and  Charles  Imn  PhD 


We  have  observed  that  the  results  of  pulmonary  function  tests  obtained  at  one  site, 
in  general,  may  not  be  considered  'acceptable'  at  another  site — in  part  because  of 
known  or  suspected  variability  in  equipment  and  techniques.  We  sought  to  docu- 
ment the  presence  or  absence  of  such  variability  in  our  metropolitan  area.  METH- 
ODS &  MATERIALS:  We  compared  the  test  results  from  5  trained  healthy  sub- 
jects (3  men  and  2  women)  studied  in  13  Denver-area  pulmonary  function 
laboratories  in  a  randomized  order  and  at  approximately  the  same  time  of  day. 
RESULTS:  We  performed  analysis  of  variance  on  commonly  reported  parameters 
and  found  no  significant  difference  for  FVC  (p  =  0.11)  ,  FEV,  (p  =  0.075),  FEF25. 
75,^  (p  =  0.41),  and  FRC  by  helium  dilution  (p  =  0.22).  However,  marked  differ- 
ences between  certain  sites  could  be  clinically  important.  In  addition,  we  found  a 
statistically  significant  difference  for  Dixo  (p  <  O.OOI)  and  TLC  (p  =  0.024).  Six 
different  brands  of  pulmonary  function  equipment  were  used  by  the  13  hospitals, 
and  differences  in  the  number  of  trials  performed,  sequence  of  testing  (eg,  FRC 
determinations  were  sometimes  done  first,  sometimes  last),  and  calculation  of  the 
Dlco  breath-hold  time.  CONCLUSION:  We  conclude  that  although  the  FVC, 
FEVi,  FEF:l';-75'>,  and  FRC  measured  by  helium  dilution  were  not  statistically  dif- 
ferent in  healthy  trained  subjects  in  the  13  hospitals  studied,  clinically  important 
differences  may  exist.  The  Dlco  and  TLC  were  statistically  different.  To  minimize 
variability  and  improve  comparability,  hospitals  in  a  given  area  should  give  con- 
sideration to  adopting  standardized  techniques,  using  comparable  equipment,  and 
adopting  common  reference  equations.  (RespirCare  1991;36:1375-1382.) 


Introduction 

We  have  observed  that  results  of  pulmonary 
function  testing  obtained  at  one  site,  in  general, 
may  not  be  considered  acceptable  at  another  site 
and  hence  may  be  repeated  at  inconvenience  and 
cost  to  the  patient.  A  major  reason  for  this  repeated 
testing  may  be  distrust  of  previous  data  because  of 
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known  or  suspected  variability  in  equipment,  tech- 
niques, and  patient  performance. 

In  the  Denver  metropolitan  area,  pulmonary 
function  testing  is  performed  by  approximately  15 
hospital-based  laboratories.  No  description  of  the 
types  of  equipment  and  the  techniques  utilized 
accompanies  test  reports,  and  no  data  are  available 
on  comparability  of  test  results.  In  addition,  the 
accuracy  of  common  pulmonary  function  tests  may 
be  difficult  to  ascertain  because  there  are  no  stan- 
dards available  for  some  tests  (eg,  Dlco)-  We 
wanted  to  determine  the  comparability  of  pul- 
monary function  data  among  sites  and  studied 
results  from  1 3  laboratories.  Further,  we  hoped  that, 
in  the  course  of  the  study,  better  ways  to  evaluate 
the  accuracy  of  such  tests  would  become  evident. 
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Table  \.  Physical  CharaLieri>lii.s  and  Spirometric  Data  of  the  Fi\e.  Normal.  Trained  Subjects 


Subject 

Age 

Sex 

Height  (in) 

Weight  (lbs) 

FVC(L) 

%  Predicted 

FEV,  (L) 

9c  Predicted 

1 

39 

F 

66 

132 

4.53 

110 

3.15 

92 

2 

48 

M 

67 

227 

4.88 

103 

3.47 

101 

3 

36 

M 

71 

1?4 

6.51 

115 

3.67 

86 

4 

43 

M 

67 

ISl 

4.23 

87 

3.10 

85 

5 

39 

F 

67 

153 

4.47 

106 

3.11 

89 

Methods  and  Materials 


Subjects 


Five  tiained  volunteers  {?<  men  and  2  women) 
were  tested  in  13  dilTerent  Denver-area  hospital 
pulmonary  function  laboratories  during  a  2-year 
period.  All  subjects  were  free  of  any  history  of 
chronic  respiratory  disease  and  ail  were  non- 
smokers,  although  two  were  former  smokers.  The 
physical  characteristics  of  each  subject  and  spirom- 
etry results  (maximal  values  as  measured  by  one  of 
the  13  hospitals)  are  shown  in  Table  1.  Ail  five 
subjects  had  had  many  previous  determinations  of 
pulmonary  function  and.  therefore,  were  con- 
sidered to  be  trained,  which  should  have  eliminated 
any  learning  effect. 

Protocol 

The  manager  or  director  of  each  of  the  13  pul- 
monary function  laboratories  \\  as  aware  of  the  pur- 
pose of  the  study,  and  the  technicians  performing 
the  testing  were  not  blinded.  The  staff  members  of 
the  participating  hospital  laboratories  were 
instructed  to  perform  spirometry,  lung  volumes, 
and  single-breath  carbon  monoxide  diffusing 
capacity  {DLro-sb)  on  each  subject  according  to  the 
laboratory's  standard  procedure.  Laboratory  staff 
were  asked  not  to  use  bronchodilators  and  to  use 
their  established  procedure  for  determining  height 
and  weight.  Six  different  makes  of  equipment  were 
used  by  these  laboratories  (Table  2).  Those  labor- 
atories able  to  measure  lung  volumes  by  gas  dilu- 
tion and  body  plethysmography  were  asked  to  do 
both.  I'hc  lesulls  of  all  testing  from  each  hospital 
were  mailed  to  each  medical  director,  but  to  main- 
tain confidentiality  only  the  director's  site  was 
identified. 


Each  subject  was  studied  over  a  45-day  period. 
The  order  of  the  testing  sites  was  determined 
through  use  of  a  random  number  table,  and  each 
subject  was  tested  at  approximately  the  same  time 
of  day. 

Table  2.   Equipment  Used  at  the  13  Pulmonar)  Function  Labor- 
atories in  Denver  Metropolitan  Area 


Hospital  No. 


Equipment 


1  Medical  Graphics  1085  body  box.  1070 
PF  System 

2  SensorMedics  2400 

3  CPl  Gould  5000  IV 

4  Medical  Graphics  1085  body  box.  1070 
PF  System 

5  Custom  fabricated  body  box,  spirometer, 
and  Dlco  system.  WE  Colhns  DS  Plus 
used  for  helium  dilution 

6  Medical  Graphics  1070  PF  System 

7  WE  Collins  DS  Plus 

8  Medical  Graphics  1070  PF  System 

9  Med-Science 

10  SensorMedics  2400 

11  WE  Collins  DS 

12  SensorMedics  2400 

13  SensorMedics  2450  (in  19901  and 
Med-Science  (in  1989) 

Eight  pulmonary  function  measurements  were 
used  in  the  analysis:  forced  vital  capacity  (FVC). 
forced  expiratory  \olume  in  one  second  (FEV,), 
forced  expiratory  flow  during  middle  half  of  FVC 
(FEFivTVi),  Di.cosh.  functional  residual  capacity  by 
helium  dilution  (FRChc).  functional  residual  capac- 
ity by  nitrogen  washout  (FRCnO.  functional  resid- 
ual capacitv  b>  bod\'  plethysmography  (FRCbp). 
and  total  lung  capacity  by  helium  dilution  or  nitro- 
gen washout  (TLCyas).  Each  lahoiatoiy  used  a  stan- 
dardized data  collection  fomi  on  w  hich  the  results 
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of  each  effort  or  trial  was  recorded.  In  addition, 
each  lahoratory  was  asked  to  submit  its  standard 
report  from  w hich  the  \aliies  for  the  eight  measure- 
ments were  taken. 

Intrasubject  Variability 

Intrasuhjecl  \  ariability  is  determined  by  repeated 
laborator)  measurement  of  a  subject's  puhiionary 
function  values.  To  control  for  intrasubject  var- 
iability, we  studied  two  subjects  repeatedly  in  the 
same  laboratory,  and  the  \ariability  was  found  to 
agree  with  published  data  (Table  3).'  ' 

Table  3.  Range  of  Results  and  Coefficient  of  Variation  (CV) 
on  Two  Subjects  Tested  in  One  Hospital  Laboratory, 
and  the  Range  of  CVs  Found  in  the  Literature  (CV 
LIT) 


Test  Subject       Range  (L) 


CV         CV  LIT 


FVC 


FEV, 


Dl 


TLC 


1 

4.49-4.80 

10 

2.4 

■)    -1.4   Til 

2 

4.27-4.49 

4 

2.2 

1 

3.15-3.43 

10 

2.7 

2.0-4.2" 

2 

3.02-3.21 

4 

2.7 

1 

31.3-35.0 

10 

3.5 

8.3-8.5'"-'2 

2 

37.9-41.3 

4 

4.2 

1 

6.51-6.91 

10 

2.0 

NA* 

2 

6.16-6.43 

4 

1.8 

*NA  =  not  available. 


Data  Analysis 

An  analysis  of  variance  (ANOVA)  was  per- 
formed on  the  data  with  subjects  and  hospitals  is 
factors.  A  critical  \ alue  of  0.05  was  used  to  deter- 
mine whether  differences  existed."* 

Results 

The  variations  in  techniques  with  regard  to  the 
number  of  trials  performed  for  the  various  tests  and 
the  method  of  calculating  breath-hold  time  for 
Dlco  are  presented  in  Table  4.  The  number  of  FVC 
trials  varied  from  2  to  4.  although  3  acceptable 
maneuvers  are  recommended  by  the  American 
Thoracic  Society  (ATSj."  The  number  of  Duo-sb 


trials  varied  from  1  to  4.  although  the  ATS  rec- 
ommends at  least  2."  The  number  of  FRChc  and 
FRCn:  trials  varied  from  1  to  3,  and  the  number  of 
FRChp  trials  varied  from  1  to  5.  The  breath-hold 
time  for  Duo-sb  was  calculated  by  the  13  hospitals 
using  one  of  two  methods — the  Ogilvie  technique' 
(O,  8  laboratories)  or  the  Jones-Meade  technique^ 
(JM.  5  laboratories). 


Table  4.  Standard  Operating  Procedures  for  Trial  Numbers 
and  Dlco  Breath-Hold  Time  Techniques  Used  by  13 
Pulmonary  Function  Laboratories  in  Denver  Met- 
ropolitan Area 


Dlco 

FRCgas 

FRCbp 

Breath-hold 

Hospital 

FVC 

Trials 

Trials 

Trials 

Te 

jhnique* 

1 

2-3 

2 

1 

1-5 

JM 

2 

3 

3-4 

2 

— 

0 

3 

2 

2 

2 

2 

JM 

4 

2 

4 

5 

JM 

5 

4 

3 

3 

5 

0 

6 

3 

2-3 

2 

— 

JM 

7 

3 

2 

1 

— 

0 

8 

3 

1-2 

1 

— 

JM 

9 

3 

3 

2 

— 

0 

10 

2 

2 

1 

— 

0 

11 

3 

2 

1 

— 

0 

12 

3 

2 

2 

— 

0 

13 

2 

1-2 
e;0  =  0 

1-2 
gilvie  et  al 

0 

*  JM  =  Jones-Mead 

Spirometry 

The  .5  subjects  had  forced  spirometry  measured 
in  all  13  hospitals  (Fig.  1).  The  highest  FVC  and 
FEV,  were  reported  on  the  hospital's  report  by  all 
13  laboratories.  The  coefficient  of  variation  (CV) 
ranged  from  2.7  to  4.1  %  for  FVC  and  from  2.9  to 
4.8  %  for  FEV,  (Table  5).  For  FEF25-75^*  the  CV 
ranged  from  7.5  to  19.5  %  for  the  5  subjects  (Table 
5).  ANOVA  indicated  that  differences  between 
hospitals  for  FVC  (p  =  0.11).  FEV,  (p  =  0.075), 
and  FEF:s-7Sr  (p  =  0.41 )  were  not  significant. 

Diffusing  Capacity 

The  Dlco  sb  was  performed  on  the  5  subjects  at 
all  13  hospitals  (Fig.  2)  and  had  a  CV  that  ranged 
from  11.5  to  18.6  %  (Table  5).  The  determination 
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Fig.  1.  Individual  spirometric  values  for  FVC  (la),  FEVi 
(lb),  and  FEF25-75%  (1c)  for  five  subjects  at  13  hospitals. 
The  dots  are  the  individual  measured  datapoints  of  5 
subjects  at  a  particular  hospital,  whereas  the  +  symbols 
represent  the  mean  value  for  the  group. 


Table  5.  Results  of  Pulmonary  Function  Tests  on  the  5  Sub- 
jects for  the  Number  of  Hospitals  Reporting  Each 
Value.  Range,  and  Coefficient  of  Variation  (CV) 


Number 

Range  of 

CV 

Test 

of  Hospitals 

Subject 

Results 

(%) 

FVC 

13 

1 

4.33-4.88 

4.1 

(L) 

13 

2 

4.56-5.20 

4.1 

13 

3 

6.35-7.04 

2.7 

13 

4 

4.11-4.78 

3.8 

13 

5 

3.95-4.49 

3.8 

FEV, 

13 

1 

3.15-3.58 

3.6 

(L) 

13 

2 

3.15-3.75 

4.7 

13 

3 

3.67-4.03 

2,9 

13 

4 

2.94-3.55 

4.8 

13 

5 

2.97-3.44 

3.7 

FEF25-75* 

13 

1 

2.30-2.96 

7.5 

(L/s) 

13 

2 

1.93-3.48 

13.3 

13 

3 

1.60-2.27 

9.6 

13 

4 

2.06-4.27 

19.5 

13 

5 

2.18-2.94 

8.0 

Dlco 

13 

1 

20.6-37.7 

16.7 

(mL  torr    min' 

)         l.-' 

T 

24.2-36.9 

12.5 

1.^ 

3 

31.3-44.0 

11.5 

13 

4 

29.4-,S4.2 

18.6 

13 

5 

23.6-44.2 

17.1 

FRChc 

8 

1 

3.17-3.65 

4.9 

(L) 

8 

2 

2.38-2.90 

7.9 

9 

3 

4.31-5.10 

5.8 

9 

4 

1.72-2.66 

11.0 

9 

5 

2.81-3.82 

8.2 

FRCn2 

4 

1 

2.42-3.56 

17.0 

(L) 

4 

2 

2.36-3.10 

12.0 

3 

?, 

4.10-4.66 

7.0 

3 

4 

2.23-2.73 

5.9 

3 

5 

3.13-3.58 

7.3 

FRCbp 

3 

1 

3.56-3.77 

2.5 

(L) 

4 

2 

2.89-3.48 

9.0 

4 

3 

4.73-5.05 

3.0 

3 

4 

2.38-2.49 

8.8 

4 

5 

3.37-4.45 

10.7 

Tl.Cjas 

12 

1 

6.\\-l.M) 

5.1 

IL) 

12 

2 

6.12-6.85 

4.2 

12 

3 

7.86-9.75 

5.8 

12 

4 

5.24-6,32 

5.1 

i: 

5 

s  24-fi  "") 

^1 
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Fig.  2.  DLcosb  values  for  5  subjects  at  13  hospitals.  The 
dots  are  the  individual  measured  datapoints  of  5  subjects 
at  a  particular  hospital,  whereas  the  +  symbols  represent 
the  mean  value  for  the  group. 


of  the  value  reported  on  the  hospital  report  was  var- 
iable, in  some  cases  the  highest  value  was  used, 
and  in  other  cases  the  mean  value  was  used.  In  one 
hospital,  on  one  subject,  the  lowest  value  was  used. 
ANOVA  indicated  significant  differences  among 
hospitals  (p<  0.001). 

Lung  Volumes 

The  5  subjects  had  FRC  determinations  at  all  13 
hospitals  (Fig.  3).  Most  of  the  hospitals  used  only 
one  technique,  but  several  hospitals  measured  FRC 
uusing  two  techniques.  The  FRChc  vvas  performed 
at  8  sites  in  some  patients  and  9  sites  in  other  sub- 
jects, and  had  a  CV  that  ranged  from  4.9  to  1 1 .0  % 
in  the  5  subjects.  The  FRCn,  was  performed  at  3 
sites  in  some  patients  and  4  sites  in  some  and  had  a 
CV  that  ranged  from  5.9  to  17.0  %.  The  FRCbp  was 
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Fig.  3.  FRC  and  TLC  values  for  5  subjects  at  13  hospitals.  The  dots  are  the  individual  measured  datapoints  of  5  subjects  at 
a  particular  hospital,  whereas  the  +  symbols  represent  the  mean  value  for  the  group.  Figure  3A  shows  FRC  measurements 
obtained  with  helium  dilution  (FRChe)-  Figure  3B  shows  FRC  measurements  obtained  with  nitrogen  washout  (FRCn,)-  Fig- 
ure 3C  shows  FRC  measurements  obtained  with  the  body  plethysmograph  (FRCbp).  Figure  3D  shows  the  total  lung  capac- 
ity measurements  determined  by  adding  the  gas  equilibration  FRC  (ie,  FRCne  or  FRCn.-.)  to  the  IC  from  the  spirometry  test. 
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performed  at  3  sites  in  some  patients  and  4  sites  in 
some  and  had  a  CV  that  ranged  from  3.0  to  10.7  % 
(Table  5).  Two  sites  added  lung  volume  instru- 
mentation or  had  nonworking  systems  during  the  2 
years  and  thus  some  subjects  were  tested  by  differ- 
ent techniques.  ANOVA  was  performed  on  FRChc 
and  indicated  that  the  differences  among  hospitals 
were  not  significant  (p  =  0.22).  Analysis  was  not 
performed  on  FRCn,  and  FRCbp  because  the  num- 
ber of  samples  was  believed  to  be  too  small. 

Total  lung  capacity  (TLC)  for  the  five  subjects 
was  calculated  using  the  gas  dilution  techniques 
(FRChc  or  FRCn.),  with  CV  ranging  from  4.2  to 
7.1  %  in  the  5  subjects  (Table  5).  ANOVA  indi- 
cated a  significant  difference  among  hospitals  (p  = 
0.024). 

Reference  Equations 

The  range  of  reference  (predicted)  values  for 
each  subject  for  each  parameter  (Table  6)  shows 
great  variability.  The  ages  and  heights  reported  by 
each  laboratory  were  minimally  different  (1-2 
inches  and  ±1  year).  Seven  laboratories  actually 
measured  height  and  weight,  while  the  other  six 
asked  the  subject.  The  particular  reference  equa- 
tions used  by  each  hospital  were  not  obtained. 
Indeed,  when  we  contacted  laboratory  staff  mem- 
bers, few  knew  which  reference  equations  were 
used  to  generate  the  predicted  values  that  appeared 
on  the  reports  forwarded  to  us.  The  differences  in 
the  reference  values  reported  are  most  likely  due  to 
different  reference  value  equations  used  by  the  13 
hospitals. 

Discussion 

The  results  of  this  study  demonstrate  that,  in  our 
metropolitan  area,  certain  pulmonary  function  test 


parameters  are  comparable  from  hospital  to  hos- 
pital. We  found  that  the  commonly  reported  spir- 
ometric  parameters  FVC.  FEV,,  and  FEF25-7sr;  and 
FRCHe  were  not  statistically  different  among  hos- 
pitals. However.  Dlco  and  TLC  values  were  sig- 
nificantly different.  Clausen  et  al  reported  a  similar 
experience  in  a  1984  abstract,^  with  small  CVs  for 
FVC  and  FEV,  and  greater  differences  for  Dlco. 
Further,  the  interaction  between  site  variability  and 
reference  equations  in  the  calculation  of  pulmonary 
function  data  as  a  percent  of  predicted  would  be 
expected  to  lead  to  further  errors. 

In  this  study,  we  used  trained  subjects  who  gave 
reproducible  and  maximal  efforts  no  matter  how 
effective  or  ineffective  the  technologist's  instruc- 
tions to  them.  Thus,  the  within-subject,  or  intra- 
subject,  variability  is  reduced  (Table  3)  as  com- 
pared to  the  variability  typically  observed  with 
untrained  patients.  Therefore,  any  differences  that 
we  found  among  sites  are  probably  not  due  to  var- 
iability of  patient  effort  but  rather  should  be  attrib- 
uted to  techniques  and/or  equipment. 

The  difference  in  values  obtained  from  the  hos- 
pital laboratories  can  be  partially  explained  by  the 
fact  that  different  equipment  was  utilized  by  the  13 
hospitals  (Table  2).  Sources  of  error  between  the 
results  obtained  from  this  equipment  include  differ- 
ent calibration  routines,  calculation  algorithms,  and 
gas  analyzer  characteristics.  Further  these  different 
types  of  equipment  allow  the  user  to  choose  a 
variety  of  reference  equations.  Reference  equation 
selection,  as  can  be  readily  appreciated,  is  an 
important  factor  contributing  to  the  wide  range  of 
reference  values  reported  for  each  subject  (Table 
6). 

Another  source  of  error  contributing  to  the  var- 
iability is  technique  differences.  Each  hospital  was 


Table  6.    Range  of  Reference  Values  (Predicted  Equations)  for  Each  Subject  Reported  by  the  \~S  Pulmonary  Function  Laboratories  for 
Each  Test  Parameter 


Dlco 

Subject 

FVC(L) 

FEV,  (L) 

FEF25.75»(L/S) 

(mLtoa  •  min') 

FRC(L) 

TLC (L) 

1 

3.26-4.14 

2.78-3.43 

3.34-4.24 

24.10-30.30 

2.88-3.30 

5.20-5.47 

2 

4.22-4.86 

3.38-3.92 

3.53-4.88 

25.10-35.00 

2.59-3.61 

6.12-6.55 

3 

5.22-5.66 

4.20-4.50 

4.40-5.30 

27.40-41.90 

3.52-4.35 

7.07-7.50 

4 

4.46-4.86 

3.61-3.91 

3.92-5.07 

26.10-38.35 

2.73-3.61 

6.19-6.54 

5 

3.57-4.23 

2.91-3.50 

3.34-4.29 

23.50-31.20 

2.97-3,13 

5.24-5.67 
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asked  to  perform  the  testing  according  to  their 
estabhshed  operating  procedure.  The  sources  of 
possible  error  include  the  number  of  trials  per- 
formed, reporting  protocols,  and  techniques  for  de- 
termining height  and  weight. 

Although  the  forced  spirometry  parameters 
FVC,  FEV|,  and  FEF:5-75'7  were  not  statistically 
different,  some  marked  differences  were  present 
between  certain  sites  (eg.  Hospital  4  vs  Hospital  10 
for  FEF25-75%).  Additionally,  even  though  the  differ- 
ences were  not  statistically  different,  they  might  be 
viewed  as  clinically  important.  For  example,  the 
mean  FEV,  for  Hospital  3  is  3.65,  and  the  mean 
FEV,  for  Hospital  5  is  3.28.  The  difference  of  0.37 
L  would,  by  most,  be  considered  clinically  mean- 
ingful. Several  hospitals  performed  only  2  forced 
spirometry  efforts.  As  previously  stated,  the  Amer- 
ican Thoracic  Society  (ATS)  recommends  at  least  3 
acceptable  efforts.*^  It  was  also  observed  that  some 
hospitals  reported  the  largest  FEF:5-75ri,  whereas 
others  reported  the  FEF25.75%  from  the  largest  FVC. 

The  results  of  DLco-sh  measurement  are  known  to 
be  influenced  by  a  number  of  factors — including 
gas  analyzer  characteristics,  use  of  different  tracer 
gases,  and  use  of  different  calculation  algorithms.*' 
For  example,  the  measurement  of  breath-hold  time 
during  a  single-breath  Dlco  trial  is  critical,  and 
small  differences  or  errors  in  time  can  lead  to  large 
differences  in  the  Dlco  value.  The  equipment  in  the 
13  laboratories  utilized  one  of  two  methods  to 
measure  breath-hold  time — either  ( 1 )  the  Ogilvie 
method'  or  (2)  the  Jones-Meade  method.'  (Eight 
hospitals  used  the  Ogilvie  method,  while  the  other 
five  hospitals  used  the  Jones-Meade  method.)  It  has 
been  shown  that  the  breath-hold  times  used  in  the 
Jones-Meade  method  are  0.3  to  1 .2  %  less  than  the 
Ogilvie  breath-hold  time  in  normal  subjects.'^"" 
However,  in  patients  with  chronic  airflow  obstruc- 
tion this  difference  becomes  even  larger  as  alveo- 
lar-gas sample-collection  time  increases.  We 
believe  that  different  methods  for  calculating 
breath-hold  time  may  have  had  only  a  minor  effect 
on  the  high  interhospital  variability  of  the  DLcosb 
measurement  found  in  this  study  because  normal 
subjects  were  used.  Nevertheless,  the  interhospital 
variability  for  Dlco  would  be  expected  to  be  even 
greater  when  results  from  testing  patients  with 
moderate-to-severe  airflow  obstruction  are  com- 
pared. 


Additionally,  such  factors  as  number  of  trials 
and  reporting  techniques  also  may  have  contributed 
to  the  Dlco  variability.  Some  hospitals  performed 
only  one  trial,  whereas  others  performed  as  many 
as  four.  In  some  cases,  the  mean  of  several  trials 
was  reported  but  in  others  the  highest  value  was 
reported,  and  for  one  subject  at  one  hospital  the 
lowest  Dlco  value  of  several  trials  was  reported. 
Also,  in  some  cases,  reporting  techniques  varied 
from  subject  to  subject  in  the  same  laboratory.  The 
ATS  recommends  at  least  two  acceptable  trials 
with  the  mean  value  to  be  reported.^ 

Although  the  comparability  of  the  different  tech- 
niques for  measuring  FRC  has  been  shown  to  be 
good. '■"'"'  the  comparability  of  lung  volumes 
among  hospitals  has  not  been  previously  reported. 
Additionally,  techniques  and  equipment  used  for 
lung  volume  determinations  have  not  been  the  sub- 
ject of  great  attention  in  the  formulation  of  guide- 
lines. However,  given  the  nuances  of  technique  and 
potential  sources  of  error  due  to  gas  analyzer  char- 
acteristics and  reading  errors,  the  FRC  techniques 
were  analyzed  separately.  Unfortunately  there  were 
not  enough  hospitals  using  the  nitrogen  washout  or 
body  plethysmograph  techniques  to  allow  us  to 
analyze  differences  among  hospitals  using  them. 
Nevertheless,  the  listed  data  we  have  (Figure  3  and 
Table  5)  suggest  the  variability  is  comparable  to 
that  of  FRCHe-  However,  the  FRChc  was  analyzed 
and  it  compared  well  among  hospitals,  but  a  major 
technique  difference  that  was  observed  for  FRC 
determinations  was  the  number  of  trials  performed. 
Some  hospitals  only  performed  one  trial  but  others 
performed  several.  In  cases  where  only  one  FRC- 
determination  trial  was  performed.  FRC  was  either 
very  low  or  very  high  when  compared  to  the  other 
hospitals.  Additional  trials  might  have  exposed 
these  as  spurious  results.  In  hospitals  in  which 
more  than  one  trial  was  performed,  the  mean  FRC 
was  always  reported. 

Determination  of  TLC  represents  a  potential  for 
further  variability  because  two  procedures  separ- 
ated by  equipment  and  time  are  used.  In  some 
cases,  FRC  values  for  a  particular  subject  were  in 
agreement,  but  the  resultant  TLC  determinations 
were  not.  For  example,  when  Subject  1  was  tested 
at  Hospitals  1  and  3.  FRC.\,  measurements  were 
essentially  the  same  (3.55  and  3.56  L);  however, 
the  TLC  values  were  7.31  and  6.94  L.  It  appears 
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that  the  sequencing  of  the  tests  played  a  role.  Com- 
paring the  slow  vital  capacities  (SVC)  and  finding 
that  they  were  in  good  agreement  (4.83  and  4.KS 
L).  we  found  that  the  inspiratory  capacities  (IC)  did 
not  agree  (3.76  and  3.38  L).  This  suggests  that  the 
tidal  breathing  levels  at  the  time  of  the  FRC  deter- 
mination were  different  from  those  at  the  time  the 
SVC  maneuver  was  performed.  The  sequencing  is 
important  because  some  hospitals  performed  the 
SVC  maneuver  first,  FVC  second,  and  FRC  third; 
whereas  others  performed  the  FRC  first.  FVC  sec- 
ond, and  SVC  third.  If  the  IC  is  measured  at  the 
time  of  the  SVC  maneuver,  then  it  is  possible  that 
the  tidal  breathing  level  could  be  different  from 
when  the  FRC  determination  is  made.  We  spec- 
ulate that  better  comparability  can  be  achieved  if 
the  SVC  and  FRC  determinations  are  consecutive. 

In  conclusion,  the  spirometry  parameters  FVC, 
FEV|,  and  FEF:5-75'rr  and  the  FRCne  were  not  sta- 
tistically different  in  healthy  trained  subjects  in  the 
13  hospitals  studied.  However,  differences  that 
may  be  clinically  important  were  seen  at  specific 
sites.  The  Dlco  ^nd  TLC  did  not  compare  well. 
Comparability  would  be  expected  to  decrease  when 
percent  of  predicted  is  calculated.  Comparability  of 
test  results  would  be  expected  to  be  further  reduced 
with  subjects  who  are  untrained,  are  ill.  or  have 
greater  difficulty  in  performing  these  maneuvers. 
In  order  to  minimize  variability  and  improve  com- 
parability in  a  given  metropolitan  area,  we  believe 
that  hospitals  should  give  consideration  to  adopting 
standardized  techniques  (for  example,  number  of 
efforts,  reproducibility  criteria,  and  reporting  cri- 
teria) and  to  using  comparable  equipment.  Addi- 
tionally, metropolitan  hospitals  should  also  adopt 
common  reference  equations  to  minimize  differ- 
ences in  predicted  values. 
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Accuracy  of  Pulse  Oximetry  in  Patients 
with  Hyperbilirubinemia 

Lakshmipathi  Chelluri  MD,  James  V  Snyder  MD, 
and  James  R  Bird  MT  (ASCP)  MPM 


STUDY  OBJECTIVE:  To  measure  the  accuracy  of  pulse  oximetry  in  patients 
with  hyperbilirubinemia.  METHODS  &  MATERIALS:  39  intensive  care 
patients  (18  with  normal  and  21  with  abnormal  serum  bilirubin  levels)  were 
studied.  Oxygen  saturation  measurements  obtained  by  pulse  oximeter  were 
compared  with  those  obtained  by  hemoximeter.  Bias  and  precision  of  the  pulse 
oximetry  measurements  with  reference  to  hemoximetry  values  were  calculated. 
RESULTS:  Bias  and  precision  of  Spo,  measurements  in  patients  with  normal 
bilirubin  level  were  -0.055%  and  1.87%  and  in  patients  with  high  bilirubin 
level  were  -0.667%  and  1.96%.  All  patients  had  arterial  oxygen  satura- 
tion >  90%.  CONCLUSION:  Hyperbilirubinemia  does  not  interfere  with 
measurement  of  oxygen  saturation  by  pulse  oximetry  when  the  oxygen  saturation 
is  >  90%.  (RespirCare  1991;36;1383-I386.) 


Introduction 

Pulse  oximetry,  a  technology  introduced  in  the 
past  decade  provides  a  noninvasive  monitor  of 
arterial  oxygen  saturation  (SpoJ-  Because  of  its 
simplicity  and  usual  accuracy,  its  use  has  become 
a  standard  for  care  in  the  operating  room,  and  it 
is  widely  used  in  intensive  care  as  well.'-  Factors 
known  to  reduce  the  accuracy  of  this  technique 
include  abnormal  hemodynamics,^  the  presence  of 
high  concentrations  of  carboxyhemoglobin  (COHb)-* 
or  methemoglobin  (metHb),''  presence  of  intraven- 
ously administered  dyes,''  presence  of  nail  polish 
on  monitored  finger,''  and  presence  of  heat  lamps.** 
The  effect  of  hyperbilirubinemia  on  pulse  oximetry 
has  been  variably  described.  Taylor  and  Whitman'' 
reported  underestimation  of  oxygen  saturation 
associated  with  hyperbilirubinemia:  whereas 
Ramanathan  et  al'"  reported  no  influence  of  bilirubin 
concentrations  up  to   14  mg/dL  in  neonates,  and 
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Veyckemans  et  al"  reported  no  interference 
associated  with  hyperbilirubinemia  in  adults.  We 
prospectively  studied  patients  with  serum  concen- 
trations of  bilirubin  ^  20  mg/dL  and  the  effect  of 
high  bilirubin  on  Spo,  values  obtained  from  a  pulse 
oximeter,  using  hemoximeter  measurements  as  a 
reference. 


Methods  and  Materials 


Subjects 


Adult  patients  in  the  intensive  care  units  at 
Presbyterian  University  Hospital  with  total  serum 
bilirubin  level  ^  2  mg/dL  (Group  I,  control,  n  = 
18)  and  >  20  mg/dL  (Group  II,  n  =  21 )  were  studied 
during  a  2-month  period.  Serum  bilirubin  level  was 
the  primary  criterion  used  to  include  the  patients. 
The  research  protocol  was  approved  by  the  Insti- 
tutional Review  Board  for  Biomedical  Research  of 
the  University  of  Pittsburgh  Medical  Center.  The 
causes  of  hyperbilirubinemia  were  end-stage  liver 
disease,  multiple  organ  failure,  and  liver  dysfunction 
after  orthotopic  liver  transplantation.  The  study 
patients  had  an  existing  arterial  catheter  for  blood 
pressure  and  arterial  blood  gas  monitoring.  Patients 
were  excluded  if  they  did  not  meet  these  criteria. 
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Equipment  and  Analyses 

A  Nelicor  N-10  pulse  oximeter*  was  used  to 
measure  Spo,-  An  0SIV13  hemoximeter  and  ABL4 
blood  gas  analyzer  were  used  to  measure  arterial 
blood  oxygen  saturation  (SaoJ  and  arterial  blood 
gas  analysis.  The  OSM3  employs  in-vitro  spectro- 
photometric  analysis  and  reports  S^o,  ^^  "^^  '^>1  t^^tal 
hemoglobin.  The  hemoximeter  and  blood  gas  ana- 
lyzer are  tested  3  times  a  day  using  control 
specimens.  Manufacturers"  specifications  for 
tolerance  limits  are  followed,  and  patient  samples 
are  not  analyzed  if  any  of  the  control  \alues  are 
outside  the  manufacturers'  range.  The  ICU 
laboratory  personnel  are  tested  in  conformance  with 
The  College  of  American  Pathologists  Proficiency 
Testing  Program.  Spo,  and  SaO,  measurements  were 
obtained  concurrently  by  the  following  procedure. 
Sao,  values  were  not  corrected  for  COHb  and  metHb 
values  because  it  is  not  done  routinely  in  our 
institution,  although  Spo,  represents  a  combination 
of  oxyhemoglobin.  metHb.  and  COHb.'-  An  adult- 
sized  reusable  digit  sensor  was  applied  to  a  finger, 
and  the  Spo,  value  was  recorded  simultaneously 
with  sampling  of  arterial  blood.  Pao,-  PaCO,-  and 
pH  values  obtained  from  the  blood  gas  analyzer 
and  SaO,  measurements  obtained  using  the  hem- 
oximeter were  not  corrected  for  body  temperature. 
One  pair  of  measurements  was  obtained  from  each 
patient.  Total  and  direct  serum  bilirubin  levels  were 
measured  on  the  day  of  study  by  means  of  a  Kodak 
Ektachem  analyzer. 

Statistical  Methods 

Data  iire  described  as  mean  (standard  deviation. 
SD).  Bias  and  precision  were  calculated  as  the  mean 
and  standard  deviation  of  the  difference  between  the 
SaO,  and  Spo,  measurements  obtained  by  the  two 
oximeters.  Bias  was  defined  so  that  it  uas  positive 
when  the  pulse  oximeter  o\erestimaled  the  oxygen 
saturation.  This  method  of  compiirison  was  used 
because  linear  regression  analysis  may  indicate  a  goixl 
correlation  when  a  new  de\ice  is  compared  to  a 
standard  device  even  if  the  new  device  has 
unacceptable  accuracy  because  correlation  is  an 
indication  of  association  but  not  of  agreement.'"-*  A 


two-tailed  Student's  t  test  for  unpaired  samples  was 
done  to  compare  the  mean  \alues  between  the  two 
groups.  Analysis  was  done  using  Minitab  Statistical 
Softwaie:  p  <  0.0?  was  considered  significant. 

Tabic  1.  Comparison  of  Values  Obtained  from  Blood  Gas 
Analysis.  CO-Oximetry.  and  Pulse  Oximetry  in 
Patients  with  Normal  Bilirubin  (Group  1)  and  in 
Patients  with  Elevated  Bilirubin  Levels  (Group  II) 


Age  (y) 
mean  (SD) 

range 

Men 

Women 

Race:  White 
Black 
other 

Total  hilinihin 
(mg/dl.) 
mean  (SD) 
range 

Direct  bilirubin 
(nig/dLl 
mean  (SD) 
range 

pH  mean  (SD) 
range 

Pao.  fl'Trl 
mean  (SD) 
range 

Sao,  (%) 
mean  (SD) 
range 

Spo,,  C^") 
mean  (SD) 
range 

Bias  (%) 
Precision  (%) 


Group  I 
(n=  18) 


Group  11 
(n  =  21) 


47.6(14.9; 

43.0(15.5) 

18-65 

17-77 

11 

11 

7 

10 

15 
1 

2 

18 

1 
2 

1.3(0.4) 
0.5-2.0 

30.6(8.8) 
20.1-49.4 

0.7  (0.5) 
0.0-1.7 

26.7  (9.6) 
9.1-46.3 

7.43(0.04) 
7.35-7.48 

7.41  (0.05) 
7.34-7.52 

99(31) 
57-188 

107  (35) 
65-201 

97(2) 
90-100 

98(1.5) 
95-100 

97  (3) 
91-100 

98  (2.3) 
93-100 

-0.055 
1.87 

-0.667 
1.96 

p  Value 


0.35 


0.27 


0.48 


0..34 


*Suppliers  are  identified  in  the  PriKluct  Sources  section  at  the 
end  of  the  text. 


Results 

Measurements  of  total  and  direct  btlttubin  lc\cls. 
P'l-  '\iO,-  SaO,-  and  Spo,  are  sutnmari/ed  in  Table 
I.  None  of  the  patients  had  an  S^q,  \aluc  <  90%. 
The  difference  between  groups  in  tiiean  I'ao,  and 
mean  pH  was  not  statistically  significant.  Bias  and 
precision  of  pufse  oximetry  measurements  relative 
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to  hcinoxiiiictiy  nicasuicnicnts  v\ere  -0.()559f  and 
1.87%  in  Group  I  and  -0.6679^  and  1.96%  in  Group 
II.  The  range  of  differences  between  Spo,  and  Sao, 
mea.surements  wa.s  -A%  to  39c  in  Group  1  and  -5% 
to  3%  in  Group  11.  The  mean.s  of  Spo,  and  Sao, 
values  are  plotted  against  the  difference  between 
Spo,  and  Sao,  values  for  the  two  groups  in  Figures 
1  and  2.  Spo,  overestimated  SaO,  in  7  of  18  mea- 
surements in  Group  1  and  in  5  of  21  measurements 
in  Group  11.  The  difference  between  all  pairs  of 
measurements  except  one  were  within  two  standard 
deviations.  Accuracy  of  the  pulse  oximeter  was 
within  2  percentage  points  (1  SD)  according  to  the 
manufacturer'-'^  and  so  959r  of  the  pulse  oximeter 
values  should  be  within  4  percentage  points  (2  SD). 
The   relationship   of  total    bilirubin    le\el    to   the 
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Fig.  1  Means  for  Spo,  and  Sgo,  are  plotted  against  Spo^- 
Sao  differences  for  18  adults  with  bilirubin  levels  s;  2  mg/ 
dL  (control,  Group  I). 
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Fig.  2.  Means  for  Spo,  and  Sgo^  are  plotted  against  Spo,- 
Sao  differences  for  21  adults  with  bilirubin  levels  ^  20 
mg/dL  (Group  II). 


difference  between  Spo,  and  Sao,  is  plotted  in  Figure 
3:  it  indicates  no  variation  in  Spo,-Sao,  difference 
associated  with  total  biluubin  level. 
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Fig.  3.  The  relationship  of  total  bilirubin  level  to  Spo,-SaOj 
differences  for  18  adults  with  bilirubin  levels  ■  2  mg/dL 
(left-hand  side,  control.  Group  I)  and  21  adults  with  bilirubin 
levels  3=  20  mg/dL  (right-hand  side,  Group  II)  No  variation 
is  seen  between  the  two  groups. 

Discussion 

Pulse  oximetry  uses  two  wavelengths  of  660  nm 
and  940  nm  to  measure  Spo,.  Thus,  bilirubin  con- 
centration should  not  interfere  with  Spo,  measurement 
because  bilirubin  produces  a  single  broad  peak  at 
around  460  nm.""  Taylor  et  al*^  in  a  review  of  pulse 
oximetry  stated  that  high  bilirubin  concentrations 
vviiuld  cause  underestimation  of  saturation.  Nickerson 
et  al'^  reported  bias  and  precision  of -0.4%'  ±  1.7% 
with  the  Nellcor  N-lOO  pulse  oximeter  in  normal 
volunteers.  The  bias  is  lower  than  we  reported  in 
Group  1  and  slightly  higher  in  Group  11.  Precision 
is  similar  to  our  results.  Veyckemans  et  al"  studied 
75  adults  with  nomial  and  abnonnal  bilirubin  levels 
and  compared  Spo,  measured  by  Nellcor  N-lOO  pulse 
oximeter  to  oxyhemoglobin  saturation  corrected  for 
bilirubin  level  (Hb02  corr)  and  reported  bias  and 
precision  of  2.9  ±  2.2%  in  patients  with  hyperbili- 
rubinemia and  1 .7  ±  2.7%  in  controls.  We  studied 
patients  with  serum  bilirubin  levels  ^  20  mg/dL  and 
obtained  only  one  pair  of  samples  from  each  patient. 
Veyckemans  et  al  obtained  more  than  one  measure- 
ment in  seven  of  their  patients  with  hyperbilirubine- 
mia, pooled  the  results,  and  calculated  bias  and 
precision  using  HbOi  corr.  This  may  account  for  the 
difference  in  bias  and  precision  reported  between  the 
two  studies.  Our  study  further  corroborates  Veyck- 
emans et  al's  conclusion  that  the  pulse  oximetry  is 
not  significantly  infiuenced  by  hyperbilinibinemia. 
In  the  current  study,  pulse  oximetry  underestimated 
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more  frequently  than  overestimated  saturation,  and 
the  bias  and  precision  were  similar  between  groups. 
Because  all  of  our  patients  in  both  groups  had  Spo, 
values  >  90'7c,  we  do  not  know  whether  the  results 
would  be  different  at  lower  arterial  oxygen  saturation. 

Conclusions 

We  conclude  that  pulse  oximetry  measurements 
are  as  clinically  accurate  in  patients  with  hyper- 
bilirubinemia as  are  arterial  oxygen  saturation 
measurements  obtained  by  hemoximeter  where 
arterial  oxygen  saturation  is  greater  than  90%. 
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Stability  of  Albuterol  and  Tobramycin 
When  Mixed  for  Aerosol  Administration 


Michael  D  Gooch  RPh 


BACKGROl'ND:  Part'titeral  aminoglycosidi'  antibiotics,  when  used  to  treat 
Pseudomonas  aeruginosa  infections  in  cystic  fibrosis,  present  problems  due  to 
toxicity,  rapid  systemic  clearance,  and  poor  pulmonary  penetration.  Aerosolized 
aminoglycosides  avoid  these  problems  but  may  cause  bronchospasm  in  this 
susceptible  population,  t'se  of  the  bronchodilator  albuterol  in  combination  u  ith 
the  aminoglycoside  aerosol  would  be  logical  but  would  require  two  separate 
treatments  due  to  lack  of  information  on  the  compatibility  of  the  two  drugs. 
We  therefore  studied  their  compatibility.  MKTHODS:  Tobramycin  40  mg  and 
albuterol  2.5  mg  were  mixed  to  a  final  volume  of  3.5  mL  with  0.9%  sodium 
chloride  and  stored  in  glass  at  4C'.  Chemical  compatibility  was  determined 
by  high-performance  liquid  chromatography  for  albuterol  and  by  fluorescence 
immunoassay  for  tobramycin.  Stability  was  determined  initially,  at  24  and  48 
hr,  and  at  7  days  after  mixing.  RESULTS:  The  concentrations  of  the  two  drugs 
remained  relatively  constant  over  the  7-day  study  period.  CONCLUSIONS: 
Under  the  conditions  studied,  tobramycin  and  albuterol  are  chemically 
compatible  for  at  least  7  days  if  refrigerated.  This  can  ease  preparation,  increase 
patient  treatment  compliance  at  home,  and  reduce  treatment  time  in  the  hospital 
when  patients  receive  both  medications.  (Respir  Care  1991;36:1387-1390.) 


Background 

Chronic  Pseitdomonas  aeruginosa  infection  is 
reported  to  be  the  leading  cause  of  pulmonary 
damage  in  patients  with  cystic  fibrosis  (CF).'  It  has 
been  shown  that  parenteral  treatment  with  anti- 
pseudomonal  antibiotics  decreases  morbidity  and 
mortality  in  this  patient  population.-  Problems  with 
parenteral  antibiotics  include  poor  penetration  into 
lung  parenchyma  and  too  rapid  clearance  of  these 
antibiotics  from  the  systemic  circulation  in  patients 
with  CF.^  ^  This  has  led  some  physicians  to  attempt 
aerosol  administration  as  an  alternative  mode  of  drug 
delivery.  Aerosol  administration  of  tobramycin 
avoids  the  ototoxicity  and  nephrotoxicity  associated 
with  high  serum  levels  of  this  drug  when  given 
parenteral ly  because  little  of  the  drug  is  absorbed 


Mr  Gooch  is  Staff  Pharmacist.  Department  of  Pharmacy 
Services.  Pitt  County  Memorial  Hospital.  Greenville.  North 
Carolina.  The  study  was  supported  by  a  grant  from  Allen  & 
Hanburys,  Division  of  Glaxo  Inc.  Research  Triangle  Park.  North 
Carolina. 


systemically  when  it  is  given  as  an  aerosol;  at  the 
same  time,  aerosol  administration  should  increase 
delivery  of  the  antibiotic  to  the  site  of  infection. '■f' 
Because  no  antibiotics  are  available  for  adminis- 
tration via  metered  dose  inhalers  (MDIs),  nebul- 
ization  is  the  method  of  aerosol  delivery. 

Some  CF  patients  have  hyperreactive  airways  and 
may  develop  bronchospasm  from  aerosolized 
antibiotics.^  Therefore,  combining  aerosolized  bron- 
chodilators  with  aerosolized  antibiotics  may  reduce 
bronchospasm  and  open  up  airways  to  allow  greater 
distribution  of  the  antibiotic.  Albuterol,  a  /^.-selective 
sympathomimetic,  is  indicated  for  both  short-course 
and  long-term  management  of  bronchospasm.  It  has 
been  shown  to  be  as  effective  as  theophylline  in  this 
respect.**  Albuterol  has  a  longer  duration  of  action 
than  metaproterenol  and,  unlike  terbutaline  and  feno- 
terol,  is  available  in  the  United  States  both  as  an  MDI 
and  as  a  solution  for  nebulization.'' 

Aerosol  administration  also  allows  both  antibi- 
otics and  bronchodilators  to  be  administered  outside 
the  hospital  in  a  home  nebulizer.  To  facilitate  ease 
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of  preparation  and  to  reduce  the  amount  of  time 
required  for  a  child  to  sit  through  a  treatment,  the 
drugs  could  be  mixed  in  advance  by  a  health-care 
provider  and  given  as  a  combination,  provided  the 
mixture  would  remain  stable  for  a  reasonable  time. 
Because  the  literature  offers  no  information  on  the 
stability  of  albuterol  when  mixed  with  antibiotics 
such  as  tobramycin.  I  studied  the  stability  of  a 
mixture  of  these  two  drugs  as  prepared  for  clinical 
administration.  Because  a  typical  treatment  course 
of  aerosolized  antibiotics  at  our  institution  lasts  7 
days,  we  studied  samples'  concentration  stability 
when  initially  mixed,  at  24  and  48  hours,  and  at 
7  days  after  preparation. 

Methods 

Albuterol  concentrations  were  determined  with 
a  high-performance  liquid  chromatography  (HPLC) 
system,  which  consisted  of  a  solvent-delivery  sys- 
tem equipped  w  ith  a  six-port  rotary  valve  containing 
a  20-fjL  loop  for  sample  injection.*  The  analytical 
column  (220  x  4.6  mm)  was  packed  with  octyl- 
decyl-bonded  microparticuiate  (5  ^/)  silica.  A  var- 
iable-wavelength UV  detector  was  set  at  220 
nanometers. 

The  mobile  phase  contained  8%  acetonitrile  in 
distilled  water  with  0.  IS'/r  phosphoric  acid  and  was 
run  at  a  flowrate  of  1.5  mL/min.'"  The  UV  assay 
has  been  reported  to  be  stability-indicating  (personal 
communication,  Steve  Soldin  PhD.  Children's 
National  Medical  Center.  Washington  DC,  August 
1991);  we  found  that  both  albuterol  and  internal 
standard  eluted  within  5  min  (Fig.  1 ).  Mobile-phase 
components  were  analytical-reagent  grade  or  better 
and  were  filtered  prior  to  use.  Tobramycin 
concentrations  were  determined  by  a  fluorescence 
immunoassay. 

Pure  samples  of  albuterol  and  the  internal  standard 
pirbuterol  were  obtained  from  their  manufacturers. 
Stock  solutions  of  the  pure  samples  were  prepared 
in  5()-mL  volumetric  flasks  to  a  concentration  of 
1  mg/niL  with  sterile  water  for  injection  and  were 
stored  at  4°C.  An  albuterol  standard  curve  was 
prepared  and  run  each  day.  The  albuterol  standards 


were  prepared  in  5-mL  screw-cap  glass  tubes  by 
dilution  of  the  stock  solution  with  distilled  water 
to  25,  50,  75.  and  100  /jg/mL.  internal  standard 
was  added  to  each  albuterol  standard  immediateK 
prior  to  assay  to  give  a  tlnal  concentration  of  75 
;ig/mL. 


0 

(2) 

I 

I 

♦Manufacturers  of  commercial  producls  arc  idcnlified  in  the 
Product  Sources  section  at  the  end  of  the  text. 


Fig.  1.  Chromatogram  showing  (1)  internal  standard  and 
(2)  albuterol.  The  total  retention  time  for  albuterol  was 

4  minutes. 

The  albuterol  and  tobramycin  used  in  the  study- 
sample  preparations  were  albuterol  5  mg/mL  (20- 
mL  solution  for  inhalation)  and  tobramycin  1.2-g 
vial  reconstituted  with  30  mL  preservative-free 
sterile  water  for  injection.  Sodium  chloride  0.9%, 
preservative-free,  was  obtained  commercially.  A 
total  of  Ave  study  samples  was  prepared  by  mixing 
I  mL  of  tobramycin  40  mg/niL.  0.5  mL  of  albuterol 

5  mg/mL.  and  2  mL  of  preservative-free  sodium 
chloride  0.9'7c  in  5-mL  screw-cap  glass  tubes. 
Samples  were  stored  at  4°C. 

An  aliquot  from  each  of  the  five  study  samples 
was  diluted  1:10  with  distilled  water  immediately 
prior  to  assay  on  study  days,  and  internal  standard 
was  added  tt)  make  a  flnal  concentration  of  75  jjg/ 
mL.  Albuterol  concentrations  were  determined  by 
HPLC  initially,  at  24  and  48  hr.  and  at  7  days  after 
preparation  of  the  original  study  samples.  The  assay 
was  performed  at  room  temperature.  The  tobramycin 
concentrations  were  determined  from  a  set  of  five 
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Table  1.  Stability  of  Albuterol  and  Tobramycin  When  Mixed  for  Aerosol  Administration 


Initial 

Concentration* 

(/jg/mL) 

(n  =  5) 

Concentration  (/vg/mL)  at  Indicated  Times 
(Percentage  of  Initial  Concentration) 

24  hr 

48  hr 

7  days 

Albuterol 
Tobramycin 

72.40(1.8) 
6.-^6(0.05) 

assay;  all  values 

expressed 

70.6  (1.7) 
(  97.5  [2.3%]) 

6.41  (0.1) 
(100.9  [1.77r|) 

as  mean  (standard  deviation). 

73.8  (1.5) 
(101.8  [2.1%]) 

6.25  (0.08) 
(98.4  [1.3%]) 

74.8  (0.4) 
(103.3  |0.6%]) 

6.42  (0.09) 
(100.9  [1.4%]) 

*  After  1:10  dilution  for 

Study  samples  prepared  as  above.  We  diluted  25 
/yL  of  sample  to  a  final  volume  of  50  mL  in  a 
volumetric  tlask  with  commercial  fluorescence 
immunoassay  buffer.  Tobramycin  concentrations 
were  determined  on  the  same  time  schedule  as 
albuterol.  High  (7.2-8.7  fjg/mL).  medium  (3.6-4.4 
/jg/mL),  and  low  (0.85-1.15  /ig/mL)  controls  were 
run  each  day  with  the  samples. 

Analysis  of  Data 

Standard  curves  for  albuterol  assay  were 
calculated  by  plotting  peak-height  ratios  (albuterol/ 
internal  standard)  as  functions  of  albuterol 
concentrations  and  determining  the  line  of  best  fit 
by  linear  regression  analysis"  via  a  statistical 
software  program.  Initial  concentrations  of  both 
albuterol  and  tobramycin  were  considered  to  be 
100%,  and  changes  of  less  than  10%  from  initial 
values  were  considered  clinically  acceptable  over 
the  time  period  studied. 

Results 

Table  1  shows  the  concentrations  of  albuterol  and 
tobramycin  when  initially  mixed  for  aerosol 
administration,  as  well  as  at  24  and  48  hours  and 
7  days  after  initial  preparation.  Also  shown  are  the 
percentages  of  original  concentration  that  remained 
at  24  and  48  hours  and  at  7  days.  Neither  drug's 
greatest  percentage  of  concentration  change  (-1-0.9% 
for  tobramycin  and  -i-3.3%  for  albuterol)  was 
clinically  important.  No  color  change  or  precipi- 
tation was  noted  in  any  of  the  solutions  studied. 
The  concentration  and  peak-height  ratio  of  the 


standard  curve  were  verified  to  be  linearly  related 
throughout  the  concentration  range  studied  (25-100 
pg/mL),  yielding  a  correlation  coefficient  of  0.99 
or  better.  The  intraday  and  interday  variabilities  of 
the  assays  were  less  than  3%.  Tobramycin  controls 
were  verified  to  be  within  the  calibration  range. 

Discussion 

Our  data  indicate  that  albuterol  and  tobramycin 
can  be  combined  and  given  to  patients  as  an  aerosol 
without  risk  of  the  degradation  of  either  drug. 
Furthermore,  the  mixture  of  the  two  drugs  can  be 
prepared  up  to  7  days  in  advance  if  it  is  stored 
under  refrigeration.  In  addition  to  the  ease  of 
preparation,  co-administration  of  albuterol  and 
tobramycin  may  increase  patient  compliance  in 
taking  treatments  at  home.  In  the  hospital  setting, 
this  practice  may  reduce  the  amount  of  respiratory 
therapy  time  required  to  administer  treatments 
consisting  of  both  medications. 


PRODUCT  SOURCES 

Chromatography  Equipment: 

Spherisorb  ODS  5-/i  Analytical  Column,  Spectra-Physics, 

San  Jose  CA 
IsoChrom  LC  Pump,  Spectra-Physics,  San  Jose  CA 
Spectra   100  Variable  Wave  Length  Ultraviolet  Detector, 

Spectra-Physics,  San  Jose  CA 
Sample  Injector  7125,  Rheodyne,  Cotati  CA 

Drugs: 

Albuterol  (for  standard  curve).  United  States  Pharmacopeia, 

Rockville  MD 
Albuterol  (for  study  samples).  Ventolin  brand,  5  mg/mL 
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Attitudes  and  Knowledge  of  Respii  atoiy  Therapy  Students 

Concerning  the  Elderly 

Susan  Perkins  MA  RRT 

BACKGROUND:  Negative  attitudes  and  lack  of  knowledsc  about  aging  can  influ- 
ence the  care  of  elderl>  patients.  I  sought  to  assess  attitudes  toward  the  elderly 
held  by  respiratory  therapy  students  (RTS)  in  Alabama  and  to  determine  their 
knowledge  of  the  basic  facts  about  aging.  I  hypothesized  that  the  attitudes  of  RTS 
toward  older  persons  would  be  more  negative  than  positive  and  that  students  with 
more  knowledge  about  aging  would  have  more  positive  attitudes  about  older  per- 
sons. MATKRIAI.S  &  METHODS:  A  set  of  semantic  differential  scales  (ASD). 
taken  from  an  instrument  developed  by  Rosencranz  and  McNevin  in  l%9,  was 
used  to  measure  attitudes.  Kno\>  ledge  about  aging  was  measured  using  Palmore's 
1977  Facts  on  Aging  Quiz  (FAQt.  RESULTS:  The  hypothesis  predicting  negative 
attitudes  was  not  supported,  with  the  mean  attitude  score  determined  to  be  in  the 
neutral  range.  As  a  group,  students  answered  only  57*7  of  the  FAQ  correctly.  Cor- 
relational analysis  to  test  the  second  hypothesis  demonstrated  a  direct  correlation 
between  attitude  and  knowledge  (r  =  0.24,  p  =  0.029).  Analysis  of  variance  revealed 
that  coursework  in  gerontology  related  signiricantly  to  attitude  (F  =  4.27.  p  = 
0.0431 ).  CONCLl'SION:  Data  from  Ibis  study  may  have  implications  for  the  inclu- 
sion of  units  of  instruction  on  geriatrics  and  gerontology  in  respiratory  therapy 
program  curricula.  (RespirCare  1991:36:1391-1397.) 


Background 

Many  respiratory  therapists  are  heavily  in\olved 
with  elderly  patients  both  in  acute-care  and  home- 
care  settings.  As  the  elderly  increase  in  number  and 
proportion  within  the  health-care  system,  inad- 
equate knowledge  about  aging  and  negative  atti- 
tudes toward  the  elderly  held  by  respiratory  ther- 
apists could  intluence  the  quality  of  care  that 
elderly  patients  receive.  Lack  of  knowledge  about 
and  negative  attitudes  toward  the  elderly  have  been 
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shown  to  affect  the  desire  to  work  with  elderly 
patients  and  the  quality  of  care  and  treattnent.'  " 

Numerous  studies  ha\e  been  conducted  exam- 
ining the  attitudes  of  medical,  dental,  nursing,  and 
allied  health  students  toward  elderly  people  .'  •'^  '- 
Much  of  this  research  supports  the  conclusion  tiial 
health-care  students  share  many  of  the  negative 
attitudes  and  steret)typical  beliefs  about  elderly 
people  held  by  society  at  large.-  **  """ 

A  correlation  between  altitudes  tow  aid  the  elder- 
ly and  knowledge  about  aging  has  been  reported.  A 
greater  knowledge  about  aging  is  associated  with 
more  positive  attitudes  toward  the  elderly. ^'''•'^ 
Among  medical  and  nursing  students,  studies  have 
indicated  that  attitudes  improve  with  the  comple- 
tion of  coursework  focused  on  the  elderly  and 
when  students  have  accurate  information  about 
aging.''"'''''  Other  factors  that  have  been  identified 
as  relating  to  student  attitudes  are  age,  sex.  race, 
and  a  close  relationship  witii  grandparents.''''*  '"■""-* 
Female  students  have  been  found  to  display  some- 
what mote  positive  attitudes  toward  the  aged  ihati 
their  male  cohorts,'  and  Whites  more  positive  atti- 
tudes than  non-Whites.'' '"  Students  who  have  e\pe- 
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rienced  close  relationships  v\ith  grandparents  feel 
more  positively  toward  the  elderly  and  accept 
fewer  stereotypes.*''-""  Data  concerning  age  has 
been  contradictory,  however,  indicating  that  atti- 
tudes toward  the  elderly  may  become  more  positive 
with  age^"^  or  more  negative  with  age."'  To  my 
knowledge,  no  research  dealing  specifically  with 
the  attitudes  of  respiratory  therapy  students  has 
been  published. 

My  purpose  was  to  assess  the  attitudes  toward 
the  elderly  held  by  respiratory  therapy,  students  in 
Alabama  and  to  determine  the  students"  knowledge 
of  basic  facts  about  aging.  The  hypotheses  tested 
were  (1)  attitudes  of  respiratory  therapy  students 
toward  older  persons  are  more  negative  than  pos- 
itive; and  (2)  students  with  higher  knowledge  lev- 
els as  defined  by  scores  on  the  Palmore  Facts  on 
Aging  Quiz  (FAQ)  have  more  positive  attitudes 
and  fewer  stereotypical  beliefs  about  older  persons 
than  those  w  ith  lower  scores. 


Materials  and  Methods 


Subjects 


In  199U,  a  cross-sectional  descnptise  study  was 
undertaken  of  all  students  then  enrolled  in  the  4 
respiratory  therapy  programs  located  in  the  state  '  f 
Alabama  (n  =  75).  To  achieve  a  maximum  re- 
sponse rate,  questionnaires  were  sent  to  a  faculty 
member  at  each  school  who  had  previously  agreed 
to  assist  with  the  project.  The  faculty  member  dis- 
tributed the  questionnaires  to  all  students  for  com- 
pletion on  a  voluntary  basis  during  class  time. 

Instruments 

A  set  of  27  semantic  differential  scales  (ASD), 
taken  from  an  instrument  developed  by  Rosencranz 
and  McNevin,--  was  used  for  the  measurement  of 
attitudes  (Fig.  1 ).  These  scales  were  chosen 
because  of  their  known  factorial  content.'"---'' 
Respondents  were  asked  to  consider  persons  over 
65  years  of  age  when  they  responded  to  the  ASD. 
Items  were  scored  1  through  7,  with  7  representing 
the  most  positive  response. 

Using  factor  analysis,  Rosencranz  and  McNevin 
derived  three  dimensions  from  their  o\eraIl  index. 
They  labeled  these  dimensions  instrumental- 
ineffective  (I-l),  autonomous-dependent  (A-D).  and 
personal  acceptability-unacceptability  (PA-IJ).  The 


1-1  dimension  denotes  personal  adjusinicnt  altitudes 
and  incluiies  nine  pairs  oi  adjecti\es  such  as 
strong-weak  and  hus\-idle.  Persons  rated  positi\ely 
on  this  dimension  ha\e  the  ability  to  actively  pur- 
sue goals  and  adjust  to  change.  The  A-D  dimension 
denotes  level  of  personal  autonomy  and  contains 
nine  pairs  of  adjectives  such  as  independent- 
dependent  and  secure-insecure.  A  person  rated  pos- 
itively on  this  dimension  is  considered  capable  of 
gi\ing  as  much  to  his  social  system  as  he  takes 
from  it  for  his  personal  maintenance.  The  PA-U 
dimension  denotes  perceived  rater  acceptability 
and  contains  nine  pairs  of  adjectives  such  as 
friendly-unfriendly  and  exciting-dull.  Persons  rated 
positi\el\  on  this  dimension  are  perceived  as 
"desirable  or  acceptable  in  social  interaction. ■"'"•-'' 
Scores  on  each  dimension  were  computed  in  addi- 
tion to  the  total  attitude  score.  The  Cronbach"s 
alpha  reliability  coefficient  for  the  ASD  was  cal- 
culated to  be  82.-'  Statistical  analysis  was  per- 
formed using  SPSS  statistical  packages.-" 

Palmore"s  1977  Facts  on  Aging  Qui/  (1-.\Q)  was 
used  for  the  measurement  of  knowledge  about 
aging. -^  The  FAQ  is  made  up  of  25  statements  that 
cover  the  basic  physical,  mental,  and  social  facts 
and  frequent  misconceptions  about  aging  (Fig.  2). 
Respondents  were  directed  to  identify  each  state- 
ment as  either  true  or  false.  Scores  were  calculated 
based  on  the  total  number  of  items  answered  cor- 
rectly. The  l-.AQ  was  selected  because  it  is  short 
(requires  5  minutes  or  less  to  complete  I,  factual 
(does  not  confuse  with  attitudes),  and  documented 
by  empirical  research.  Its  validity  and  reliability  are 
documented  by  the  statistics  of  numerous  studies 
summarized  in  a  1980  review-**  and  including  the 
work  of  Hollzman  and  Beck  (1979)-"'  and  Klem- 
mack(l979)."' 

Rele\ant  demographic  data  and  biographic 
information  about  the  participants  were  alst)  col- 
lected. 

Results 

Sixty-five  of  the  questionnaires  distributed  were 
returned,  a  response  rate  of  879^.  The  responses  of 
two  students  v\ere  not  included  in  the  study 
because  their  ASD  was  incomplete;  iheietore.  the 
data  anaU'sis  was  based  on  the  responses  of  6} 
respondents.  The  sample  ciinsisted  of  25  men  aiul 
.'^8  wcimen.  56  of  whom  were  White  and  d  Black. 
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The  Aging  Semantic  Differential 


II 
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AD 
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AD 
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AD 

4. 
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6. 
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II 

7. 
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Passive 

Cooperative 

Pessimistic 

Satisfied 

Resigned 
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Disorganized 

Happy 

Unfriendly 
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Exciting 

Indecisive 


Fig.  1.  Aging  semantic  differential  scales  developed  by  Rosencranz  and  McNevin  for  the  measurement  of  attitudes  toward 
the  aged  and  used  in  the  study.  (Adapted  from  Reference  22,  with  permission.) 


One  respondent  was  unwilling  to  reveal  his  race. 
Table  1  contains  the  characteristics  of  the  students 
responding. 

B.xaminalion  of  responses  to  the  biographical 
questions  revealed  that  58  respondents  (92%)  had 
experienced  a  previous  close  relationship  with  an 
elderly  person,  and  1 2  ( 199? )  had  taken  coursework 
focused  on  the  elderly. 

The  first  hypothesis  predicting  negative  attitudes 
toward  older  persons  was  not  supported.  Student 
attitudes  as  measured  by  the  average  total  score  on 
the  ASD  were  slightly  above  the  theoretically  neu- 
tral score  of  108,  with  mean  (SD)  =  112.76(14.16). 


Scores  on  the  l-I,  A-D,  and  PA-U  dimensions  were 
likewise  in  the  neutral  range.  Analysis  of  variance 
revealed  that  coursework  in  gerontology  related 
significantly  to  student  attitudes.  This  difference  is 
primarily  explained  by  their  higher  rating  of  the 
elderly  on  the  1-1  dimension.  The  results  of  this 
analysis  are  summarized  in  Table  2. 

As  a  group,  the  students  answered  only  57%  of 
the  FAQ  correctly,  with  mean  (SD)  =  14.18  (2. .^3). 
Students  who  indicated  that  they  had  completed 
previous  coursework  focused  on  the  elderly  did  not 
score  significantly  higher  on  the  FAQ  than  those 
who  had  not.  A  correlational  analysis  to  test  the 
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FACTS  ON  AGING  QUIZ 

Here  are  some  statements  about  old  people  (those  past  65).  Please  give  your  opinion  by  circling  T  (true)  or  F  (false) 
before  each  statement. 


The  majority  of  old  people  (past  age  65)  are  senile  (le,  defective  memory,  disoriented,  or 
demented). 

All  five  senses  tend  to  decline  in  old  age. 

Most  old  people  have  no  interest  in.  or  capacity  for,  sexual  relations. 

Lung  capacity  tends  to  decline  in  old  age. 

The  majority  of  old  people  feel  miserable  most  of  the  time. 

Physical  strength  tends  to  decline  in  old  age. 

At  least  one  tenth  of  the  aged  are  living  in  long-stay  institutions  (ie,  nursing  homes,  mental 
hospitals,  homes  for  the  aged). 

Aged  drivers  have  fewer  accidents  per  person  than  drivers  under  age  65. 

Most  older  workers  cannot  work  as  effectively  as  younger  workers. 

About  80°o  of  the  aged  are  healthy  enough  to  carry  out  their  normal  activities. 

Most  old  people  are  set  in  their  ways  and  unable  to  change. 

Old  people  usually  take  longer  to  learn  something  new. 

It  IS  almost  impossible  for  most  old  people  to  learn  new  things. 

The  reaction  time  of  most  old  people  tends  to  be  slower  than  reaction  time  of  younger  people. 

In  general,  most  old  people  are  pretty  much  alike. 

The  majority  of  old  people  are  seldom  bored. 

The  majority  of  old  people  are  socially  isolated  and  lonely. 

Older  workers  have  fewer  accidents  than  younger  workers. 

Over  15°o  of  the  U.S.  population  are  now  age  65  or  over. 

Most  medical  practitioners  tend  to  give  low  priority  to  the  aged. 

The  majority  of  older  people  have  incomes  below  the  poverty  level  (as  defined  by  the  federal 
government). 

The  majority  of  old  people  are  working  or  would  like  to  have  some  kind  of  work  to  do  (including 
housework  and  volunteer  work). 

Older  people  tend  to  become  more  religious  as  they  age. 

The  majonty  of  old  people  report  that  they  are  seldom  irritated  or  angry. 

The  health  and  socioeconomic  status  of  older  people  (compared  to  younger  people)  in  the  year 
2000  will  probably  be  worse  or  about  the  same  as  that  of  today's  older  people. 
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Fig.  2.  Facts  on  Aging  Quiz  developed  by  Palmore.  (Adapted  from  Reference  27,  with  permission.) 


second  hypothesis  (that  students  with  more  knowl- 
edge about  aging  have  more  positive  attitudes 
toward  the  elderly)  demonstrated  a  positive  correla- 
tion between  attitude  and  knowledge  scores  (r  = 
0.24.  p  =  0.029).  To  further  examine  the  relation- 
ship between  attitudes  and  knowledge,  correlations 
between  the  three  attitude  dimensions  and  knowl- 
edge scores  were  calculated.  The  analysis  revealed 


a  significant  relationship  between  FAQ  scores  and 
the  A-D  dimension  (r  =  0.24.  p  =  0.027).  The 
results  of  this  analysis  are  summarized  in  Table  }. 

Discussion 

In  this  sample,  attitudes  of  respirators  therapy 
students  toward  the  elderly  were  neutral,  in  contrast 
to   the   negative  attitudes  that   had   been   hypolh- 
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Table  \.    Demographic  Characteristics  of  Therapist  Students 
in  the  Sample 


Demographic  Characteristic 


Percent 


Age 

18-21 

22-25 

26  and  above 

Mean  =  24.7 

Mode  =  20 

Gender 

Male 
Female 

Ethnicity 

White 
Black 
No  answer 

Family  Income 

<  520.000 
S20.000-S35.000 
S36.000-S50.000 
>  S50,000 
No  answer 

Type  of  Program 

Associate  Degree 
Baccalaureate  Degree 

Year  of  Training 

1st 
2nd 
3rd 
4th 

Total 


19 

30 

25 

40 

19 

30 

25 
38 


56 
6 
1 


26 
11 
13 


53 
10 


16 

41 

3 

3 

63 


40 
60 


89 

10 

1 


41 
17 
21 
13 
8 


85 
16 


25 

65 

5 

5 

100 


esized.  One  can  only  speculate  that  the  reason  may 
be  the  increase  in  social  visibility  of  the  aged  in 
recent  years. 


Tabic  i.  Correlations  between  Knowledge  Score  and  .'\tliludc 
Scores  tor  d.^  Respiratory  Therapy  Student  Respon- 
dents 

Attitude  Score  r  p 


ASD  total  score 
1-1  dimension 
A-D  dimension 
PA-U  dimension 


0.24 
0.17 
0.24 
0.18 


0.029* 
0.096 
0.027* 
0.085 


*1 -tailed  Mest. 


According  to  their  scores  on  the  FAQ.  the  stu- 
dents appear  to  lack  knowledge  about  aging.  The 
average  score  of  517c  on  the  FAQ  is  considerably 
lower  than  the  61%  mean  score  reported  in  1981  by 
Holtzman.  Beck,  and  Ettinger'  in  their  sample  of 
283  medical  and  dental  students,  the  69%  mean 
score  found  in  1986  by  Williams.  Lusk.  and  Kline'"* 
in  their  sample  of  baccalaureate  nursing  students, 
and  the  167c  group  mean  reported  in  1987  by  Todd, 
Rider,  and  Page-Robins'*  in  their  sample  of  under- 
graduate occupational  therapy  students. 

In  contrast  to  results  in  prior  studies,  age.  sex. 
race,  and  previous  close  relationship  with  an  eld- 
erly person  did  not  significantly  influence  the 
results,  perhaps  because  of  the  homogeneity  of  the 
sample.  Although  cause  and  effect  cannot  be  deter- 
mined from  this  study,  findings  suggest  a  direct 
relationship  between  greater  knowledge  of  the  gen- 
eral facts  about  aging  and  positive  attitudes  toward 
the  elderly.  Although  the  relationship  is  weak,  this 
finding  may  have  implications  for  including  geron- 
tologic  content  in  respiratory  therapy  program  cur- 
ricula. The  small  number  of  students  who  had  com- 
pleted coursework  in  gerontology  exhibited  less 


Table  2.  Mean  Attitude  Scores  for  Respiratory  Therapy  Students  with  and  without  Gerontology  Coursework 


With  Coursework 


Without  Coursework 


Variable 

Mean 

SD 

Mean 

SD 

F  Value 

p  Value 

ASD  total  score 

120.2 

18.1 

1 1 1 .0 

12.7 

4.27 

0.0431* 

I-l  dimension 

36.9 

4.1 

32.5 

5.3 

7.13 

0.0097t 

A-D  dimension 

40.9 

6.5 

38.0 

5.4 

2.74 

0.1033 

PA-U  dimension 

42.3 

9.2 

40.5 

5.6 

0.7672 

0.3845 

*p  <  0.05. 

tp<0.01. 
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negative  bias  toward  the  elderly  than  did  the  other 
students,  rating  them  higher  in  the  I-I  dimension, 
indicating  that  they  envisioned  the  elderly  as  more 
active,  progressive,  and  productive  than  did  their 
cohorts.  It  is  interesting  that  the  students  who  had 
completed  coursework  in  gerontology  did  not  score 
significantly  higher  on  the  FAQ.  These  results  may 
be  related  to  the  instrument.  The  FAQ  is  the  most 
commonly  used  instrument  for  measuring  knowl- 
edge of  aging  and  still  appears  to  be  relevant  and 
appropriate  despite  the  fact  that  it  was  validated 
some  years  ago.  Although  it  seems  unlikely,  it  may 
contain  outdated  and  irrelevant  questions  that  hin- 
der the  accurate  assessment  of  knowledge.  Adel- 
man  and  Albert'*  have  pointed  out  the  need  for  the 
development  of  newly  validated  instruments  for  the 
assessment  of  knowledge  of  and  attitudes  toward 
the  elderly. 

Conclusion 

Although  this  research  is  of  a  subjective  nature 
and  the  findings  must  be  considered  on  the  basis  of 
a  small  sample  and  a  limited  geographic  area,  the 
results  are  encouraging  in  that  the  attitudes  of  res- 
piratory therapy  students  were  neutral  rather  than 
negative;  however,  due  to  the  dramatic  increase  in 
the  number  of  elderly  in  our  society,  I  believe  it 
important  that  respiratory  therapy  students  have 
positive  attitudes  toward  and  high  knowledge  lev- 
els about  the  elderly.  The  data  point  to  the  need  for 
further  re.search  to  specifically  identify  how  res- 
piratory therapy  programs  may  improve  attitudes 
toward  and  knowledge  of  the  elderly. 

We,  as  a  profession,  need  to  determine  how 
these  attitudes  affect  the  quality  of  respiratory  care 
and  how  education  can  be  useful  in  altering  atti- 
tudes and  improving  care. 

REFERENCES 

1 .  Langland  RM.  Ruithcl  JA,  Benjamin  G.  Benson  R.  Crim 
B.  Klin/  C.  Change  in  basic  nursing  students'  attitudes 
toward  the  elderly  after  a  nursing  home  experience.  J 
NursEduc  1987;25:31-33. 

2.  Belgrave  LL.  Lavin  B,  Breslau  N.  Haug  M.  Stereo- 
typing of  the  aged  by  medical  students.  Gerontol  Geriatr 
F.duc  1982;3;37-44. 


3.  Holt/man  JM.  Beck  JD.  Ettinger  RL.  Cogniti\e  knowl- 
edge and  attitudes  toward  the  aged  of  dental  and  med- 
ical students.  Educ  Gerontol  1981;6:195-207. 

4.  Spence  DL,  Feigenbaum  EM,  Fitzgerald  F.  Roth  J. 
Medical  student  attitudes  toward  the  geriatric  patient.  J 
Am  Geriatr  Soc  1968:16:978-983. 

5.  Ingham  R.  Fielding  P.  A  review  of  the  nursing  literature 
on  attitudes  towards  old  people.  Int  J  Nurs  Stud  1985; 
22:171-181. 

6.  Galbraith  MW.  Suttie  SM.  Altitudes  of  nursing  students 
toward  the  elderly.  Educ  Gerontol  1987;13:213-223. 

7.  Tarbox  AR,  Connors  GJ,  Faillace  LA.  Freshman  and 
senior  medical  students'  attitudes  toward  the  elderly.  J 
Med  Educ  1987;62:582-591. 

8.  Todd  AK,  Rider  A,  Page-Robins  E.  Attitudes  of  occupa- 
tional therapy  students  toward  older  persons.  Phys 
Occup  Ther  Geriatr  1986;5:71-81. 

9.  Coren  A,  Andreassi  M.  Blood  H.  Kent  B.  Factors 
related  to  physical  therapy  student  decisions  to  work 
with  elderly  patients.  Phys  Ther  1987;67:60-65. 

10.  Beck  JD.  Ettinger  RL.  Glenn  RE.  Paule  CL.  Holtzman 
JM.  Oral  health  status:  impact  on  dental  student  atti- 
tudes toward  the  aged.  Gerontologist  1979;19:580-585. 

1 1.  Gomez  GE.  Battstein  A,  Gomez  EA.  Beginning  nursing 
students  can  change  attitudes  about  the  aged.  J  Gerontol 
Nurs  1985:11:7-11. 

12.  Quinn-Krach  P,  Van  Hoozer  H.  Sexuality  of  the  aged 
and  the  attitudes  and  knowledge  of  nursing  students.  J 
NursEduc  1988;27:359-363. 

13.  Perotta  P,  Perkins  D,  Schimpfhauser  F,  Calkins  E.  Med- 
ical student  altitudes  toward  geriatric  medicine  and 
patients.  J  Med  Educ  1981;56:478-483. 

14.  Williams  RA.  Lusk  SL,  Kline  NW.  Knowledge  of  aging 
and  cognitive  styles  of  baccalaureate  nursing  students. 
Gerontologist  1986;26:545-550. 

15.  Downe-Wamboldt  BL.  Melanson  PM.  Attitudes  of  bac- 
calaureate student  nurses  toward  aging  and  the  aged: 
results  of  a  longitudinal  study.  Educ  Gerontol 
1990;16:49-.59. 

16.  Adelman  RD,  Alben  RC.  Medical  student  attitudes 
toward  the  elderly:  a  critical  review  of  the  literature. 
Gerontol  Geriatr  Educ  1987:7:141-155. 

17.  Warren  DL.  Painter  A.  Rudisill  J.  Effects  of  geriatric 
education  on  the  attitudes  of  medical  students.  J  Am 
Gerontol  Soc  1983:31:435-438. 

18.  Wilson  RW,  Glamser  FD.  The  impact  of  gerontological 
intervention  of  osteopathic  medical  students.  Educ 
Gerontol  1982;8:373-380. 

19.  Gunter  LM.  Students'  attitudes  towards  geriatric  nurs- 
ing. Nurs  Outlook  1971:19:466-469. 

20.  Garrett  G.  Caught  and  not  taught?  Nurs  Times  1984:48- 
51. 

21.  Lubkin  1.  Chenitz  WC.  Perceptions  of  a  geriatric  rota- 
tion: influence  on  career  choices.  J  Nurs  Educ  1985; 
24:171-173. 

22.  Rosencranz  HA.  McNevin  TE.  A  factor  analysis  of  atti- 
tudes toward  the  aged.  Gerontologist  1969;9:55-59. 


1396 


RESPIRATORY  CARE  •  DECEMBER  '91  Vol  36  No  12 


ATTITUDES  TOWARD  THE  ELDERLY 


23.  Levin  WC.  Age  stereotyping;  college  student  evalua-  27. 
tions.  Research  on  Aging  1988:10:134-148. 

24.  Ci^ns  AG,  Monk  A.  Attitudes  of  the  aged  toward  the  28. 
young:   a  multivariate   study   in   intergenerational  per- 
ception. J  Gerontol  1972:27:107-1  12.  29. 

25.  Carmines  EG,  Zeller  RA.  Reliability  and  validity  asess- 

ment.  Newbury  Park  CA:  Sage  Publications,  1979:44.  30. 

26.  SPSS     System.  SPSS-X  introductory  statistics  guide. 
Version  3.0.  Chicago:  SPSS  Inc.  1988. 


Palmore  E.  Facts  on  aging:  a  short  quiz.  Gerontologist 
1977;17:315-320, 

Palmore  E.  The  facts  on  aging  quiz:  a  review  of  find- 
ings. Gerontologist  1980:20:669-672. 
Holt/man  JM,  Beck  JD.  Palmore's  facts  on  aging:  a 
short  quiz.  Gerontologist  1 979;  1 9: 1 1 6- 1 20. 
Klemmack  DL.  Comment:  an  examination  of  Palmore's 
facts  on  aging  quiz.  Gerontologist  1979:18:403-405. 


CORRECTIONS 

June  1991:  (RespirCare  1991:36:514-545)  In  Table  9  of  Rau's  paper  "Delivery  of 
Aerosolized  Drugs  to  Neonatal  and  Pediatric  Patients,"  the  entries  in  the  Comment 
column  referring  to  the  papers  of  Corganet  al  and  Cameron  et  al  should  read  In  vitro 
(not  In  vivo). 

November  1 99 1 :  ( RespirCare  1 99 1 :36: 1 268 )  In  the  table  of  the  Open  Forum  abstract 
"Comparison  of  Self-Administration  Techbniques  for  Bronchodilators  Delivered 
by  MDI  vs  Rotahaler  (RH)."  the  n  for  MDI  at  48  h  should  be  26  (not  2). 

November  1991:  (Respir  Care  1991:36:1256)  In  the  OPEN  FORUM  abstract  "Con- 
tinuous-Flow Apneic  Oxygenation  and  Ventilation  in  the  Presence  of  Large  Bilateral 
Bronchopleural  Fistulas  (BFs),"  the  name  of  Carol  Donaldson  RRT  was  omitted 
as  an  author. 

We  regret  these  errors. 
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The  AARC  Clinical  Practice  Guidelines 


Perhaps  the  largest,  most  discussed,  and  costliest 
project  initiated  by  the  American  Association  for 
Respiratory  Care  (AARC)  in  the  past  10  years  has 
been  the  development  of  clinical  practice  guide- 
lines— a  project  with  the  potential  for  tremendous 
impact  on  the  practice  of  respiratory  care.  An  AARC 
Clinical  Practice  Guideline  is  a  systematically  de- 
veloped statement  to  help  the  practitioner  deliver 
appropriate  respiratory  care  in  specific  clinical  cir- 
cumstances. Practice  guidelines  are  fashionable  in 
a  number  of  disciplines  and  are  being  developed 
by  a  number  of  organizations  for  a  variety  of 
reasons.'^  The  AARC  Clinical  Practice  Guidelines 
are  being  developed  for  the  noblest  of  reasons — 
to  improve  the  quality  of  respiratory  care  admin- 
istered to  patients.  The  first  five  AARC  Clinical 
Practice  Guidelines  appear  in  this  issue  of 
Respiratory  Care.^ 

An  Overview  of  Clinical  Practice  Guidelines 

The  variability  in  clinical  practice  from  one  hos- 
pital to  another  and  from  one  geographic  region 
to  another  is  well  known.'*  '■*  Differences  are  evident 
in  patient  outcome,  hospital  length  of  stay,  and  cost 
of  care.  These  variations  in  practice  are  coming 
under  increasing  public  scrutiny.  As  stated  by 
McGuire,-  "Our  problem  is  not  that  the  emperor 
has  no  clothes,  but  that  because  the  emperor  is 
increasingly  supported  at  public  expense,  we  must 
give  him  guidelines  that  make  his  clothes  fit  our 
needs  as  well  as  his.""  Where  there  are  differences 
in  practice,  the  question  of  which  practice  is  most 
appropriate  is  raised  by  patients,  clinicians,  third- 
party  payers,  and  regulating  agencies.  The  AARC 
has  taken  a  leadership  position  in  the  development 
of  clinical  practice  guidelines  to  improve  the  appro- 
priateness of  respiratory  care  practice  throughout 
the  country. 

Clinical  practice  guidelines  should  improve  the 
consistency  and  appropriateness  of  care  and  serve 
as  guides  for  education  and  research.  They  should 


define  and  justify  clinical  practice.-*  This  is  important 
and  necessary  in  respiratory  care  for  several  reasons. 

Technology  Explosion:  Many  respiratory  care  tech- 
nologies now  exist  that  were  not  a\ailable  20  years 
ago — pulse  oximetry,  pressure-support  ventilation, 
and  microprocessor-controlled  ventilators,  to  name 
a  few.  The  appropriate  integration  of  such  tech- 
nologies into  clinical  practice  is  often  unclear. 

Information  Explosion:  It  is  axiomatic  that  an  in- 
formation explosion  exists  in  health  care  in  general 
and  in  respiratory  care  in  particular.  For  example, 
550  articles  (2,870  pages)  were  published  in  4 
journals  related  to  respiratory  care  (Rt-:spiRAT()RV 
Care,  Chest.  American  Review  of  Respiratory 
Disease,  and  Critical  Care  Medicine)  during  the 
first  4  months  of  1991.  It  is  impossible  for  anyone 
to  read  all  of  that  material,  assess  its  scientific 
validity,  and  integrate  its  findings  into  everyday 
patient  care.'-*  Clinical  practice  guidelines  should 
help  to  bridge  the  gap  that  often  exists  between 
academicians  and  the  e\eryday  clinician. 

Physician,  Administration,  and  Patient  Expec- 
tations: Physicians,  hospital  administrators,  pa- 
tients, and  third-party  payers  sometimes  have  dif- 
fering expectations  of  respiratory  care  practitioners. 
Clinical  practice  guidelines  should  resolve  some  of 
the  inconsistency  in  those  expectations. 

Regulation  and  Litigation:  Clinical  practice 
guidelines  should  pro\  idc  the  basis  for  appropriate 
care.  At  the  same  time,  they  should  be  flexible 
enough  to  be  tailored  to  the  individual  needs  of 
specific  patients.  Although  they  are  intended  to  be 
i^iiidelines.  they  are  likely  to  become  accepted  as 
standards  of  care. 

In  December  1989.  the  United  .States  Congress 
established  the  Agency  for  Health  Care  Policy  and 
Research  (AHCPR)  in  an  effort  to  enhance  the 
quality,  appropriateness,  and  effectiveness  of  health- 
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care  services.*''^  AHCPR  has  responsibility  for 
implementation  of  the  Medical  Treatment  Effective- 
ness Program  (MEDTEP)  within  the  Department 
of  Health  and  Human  Resources  and  is  responsible 
for  facilitating  the  development,  review,  and  up- 
dating of  clinically  relevant  guidelines  for  health- 
care practice.  The  MEDTEP  program  also  includes 
database  development,  effectiveness  and  outcomes 
research,  and  dissemination  of  research  findings  and 
guidelines.  Targeted  for  AHCPR  support  are 
projects  that  focus  on  health  problems  and  inter- 
ventions for  which  the  risks  and  costs  are  particularly 
high  and  on  treatments  for  which  the  outcomes  of 
care  are  particularly  variable  or  uncertain.  Although 
it  is  important  to  appreciate  that  there  is  a  federal 
initiative  to  develop  guidelines,  the  development 
of  clinical  practice  guidelines  by  the  AARC  is  not 
yoked  to  the  AHCPR. 

Through  its  Agenda  for  Change,  the  Joint  Com- 
mission for  Accreditation  of  Healthcare  Organiza- 
tions (JCAHO)  is  promulgating  the  development 
of  clinical  indicators  as  quantitative  measures  to 
monitor  and  evaluate  the  quality  of  patient  care''' 
and  has  asked  the  AARC  to  guide  the  development 
of  indicators  for  respiratory  care.  The  AARC  Clin- 
ical Practice  Guidelines  are  not  clinical  indicators 
per  se,  but  the  Guidelines  will  facilitate  the 
development  of  clinical  indicators. 

Development  of  an  AARC  Practice  Guideline 

The  AARC  s  initiative  to  develop  clinical  practice 
guidelines  formally  began  in  1990.  The  responsi- 
bility to  develop  guidelines  rests  with  the  Clinical 
Practice  Guidelines  Steering  Committee,  which 
oversees  the  activities  of  five  Working  Groups 
directly  responsible  for  drafting  the  Guidelines.  The 
Working  Groups  with  their  Chairmen  are  Oxygen 
Therapy  (Diane  Lewis  MS  RRT),  Aerosol  Therapy 
(Michael  Boroch  MBA  RRT),  Mechanical  Venti- 
lation (Richard  Branson  RRT),  Bronchial  Hygiene 
(Lana  Hilling  CRTT),  and  Cardiopulmonary 
Diagnostics  (Kevin  Shrake  MA  RRT).  The  Steering 
Committee  is  composed  of  the  Working  Group 
Chairmen  and  Dean  Hess  (chairman),  Jerome 
Sullivan  MS  RRT,  Patrick  Dunne  MEd  RRT,  Sam 
Giordano  MBA  RRT,  Pat  Brougher  RRT,  Neil 
Maclntyre  MD,  and  Morris  Brown  MD. 

The  process  being  used  to  develop  the  Clinical 
Practice  Guidelines  is  shown  in  Figure  1 .  The  initial 


draft  of  each  Guideline  is  developed  from  a  thorough 
review  of  the  literature,  surveys  of  current  practice, 
and  the  expertise  of  the  members  of  the  Working 
Group.  The  initial  draft  of  the  Guideline  then  under- 
goes editing  and  multiple  revisions  by  the  Working 
Group;  this  sometimes  involves  review  by  consul- 
tants to  the  Working  Group.  It  is  not  uncommon 
for  members  of  a  Working  Group  to  spend  hundreds 
of  hours  in  the  development  of  a  single  Guideline. 
When  the  Working  Group  is  satisfied  with  a 
Guideline,  it  is  reviewed  by  the  entire  Steering 
Committee  and  then  by  a  Review  Panel,  persons 
engaged  in  all  facets  of  the  delivery  of  respiratory 
care  who  have  volunteered  to  review  drafts  of  the 
Guidelines  before  publication.  The  initial  five 
Guidelines  were  mailed  to  about  650  reviewers, 
revised  in  response  to  reviewer  suggestions, 
prepared  for  publication  and  now  appear  in 
Respiratory  Care.  It  is  anticipated  that  the 
Guidelines  will  be  periodically  revised  and  updated 
as  necessary. 


DEVELOPMENT  OF  A  GUIDELINE 

LITERATURE  EXPERTISE  SURVEY 


INITIAL  DRAFT 
(WORKING  GROUP) 


REVIEW  AND  EDIT 
(WORKING  GROUP) 


REVIEW  BY  CONSULTANTS 


REVIEW  BY  STEERING  COMMITTEE 


REVIEW  BY  PANEL 
OF  EXPERTS 


PUBLICATION 


REVISION 


Fig.  1.  Steps  in  the  development  of  the  AARC  Clinical 
Practice  Guidelines. 
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Guideline  Format 

For  the  sake  of  consistency,  each  Guideline 
follows  a  similar  structure  seeking  to  answer  similar 
questions. 

Procedure:  By  what  names  is  the  procedure  known'.' 
Description/Definition:    What    comprises    the 
procedure  in  the  context  of  its  Guideline? 
Setting:  Where  is  the  procedure  performed? 
Indications:  What  are  the  recognized  objectives  or 
indications  for  the  procedure? 
Contraindications:  What  are  the  contraindications 
to  the  procedure? 

Hazards/Complications:  What  hazards  or  compli- 
cations may  be  associated  with  the  procedure? 
Limitations  of  Procedure  or  Device:  What  are  the 
limitations  of  which  the  clinician  should  be  aware '^ 
Assessment  of  Need:  How  does  the  clinician 
determine  that  a  procedure  is  indicated? 
Assessment  of  Outcome:  How  should  the  clinician 
determine  the  benefit  (or  lack  thereof)  derived  from 
a  procedure? 

Resources:    What   equipment   and   personnel   are 
required  to  perform  the  procedure? 
Monitoring:  What  should  be  monitored  during  the 
procedure? 

P>equency:  How  frequently  should  the  procedure 
be  performed  or  how  does  one  determine  necessary 
frequency? 

Infection  Control:  Are  there  specific  infection- 
control  issues  related  to  the  procedure? 
References:  Are  there  studies  to  support  the  Guideline 
recommendations? 

Expectations 

It  is  important  that  inembers  of  the  respiratory 
care  community  have  appropriate  expectations  of 
the  Clinical  Practice  Guidelines.  Some  of  those 
expectations  are  listed  in  Table  1 . 

The  Guidelines  arc  not  treatment  protocols;  they 
do  not  mandate  staffing  or  salary  levels;  they  do 
not  set  equipment  budgets;  and  they  do  not  spell 
out  institution-specific  procedures.  The  Clinical 
Practice  Guidelines  should,  however,  provide  a 
broad,  but  limited,  context  within  which  specific 
departmental  procedures,  policies,  and  protocols  can 
be  developed.  In  fact,  institution-specific  policies 
and  procedures  could  be  constructed  using  the  same 
format  as  the  AARC  Clinical  Practice  Guidelines. 


The  literature  clearly  shows  that  clinical  practice 
guidelines  do  not  necessaril>  change  practice."*-' 
if  guidelines  are  to  be  accepted,  they  must  he  widely 
dis.seminated;  they  must  be  reasonable  and  readable; 
they  must  be  consistent  with  acceptable  practice; 
they  must  have  wide  review  before  publication;  and 
they  must  be  reviewed  and  updated  periodically. 

Tabic    1,   .Appropriate    ExpcclaliDiis    lur   Clniical    Practice 
Ciuidelincs 


Clinical  Practice  Guidelines 
are: 

Guidelines 

Clinical 

Practical 

Brief  statements 

Profession-oriented 

Voluntary 

Evolving 


Clinical  Practice  Guidelines 

are  not: 

Procedures 

H\pothelical 

Theoretical 

Lengthy  reviews 

histitution-oriented 

Mandatory 

Static 


Outcomes  Research 

A  buzzword  in  the  health-care  delivery  system 
of  the  1990s  is  "outcomes,""  and  this  has  been  re- 
ferred to  as  "the  third  revolution  in  medical  care."— 
Although  different,  guidelines  and  outcomes  are 
often  used  in  the  same  context.  The  origins  of  the 
outcomes  movement  are  similar  to  those  for 
guidelines  development — cost  containment  and 
geographic  differences  in  practice.-'  -^  In  theory, 
implementation  of  well-constructed  guidelines 
should  improNc  the  outcomes  of  health  care.  One 
of  the  important  features  of  outcomes  research  is 
its  focus  on  effectiveness — the  benefits  of  a 
procedure  or  practice  under  usual  conditions.  This 
differs  from  the  efficacy  of  a  procedure  or  practice — 
the  benefits  of  a  procedure  or  practice  under  ideal 
conditions — which  is  what  is  usually  e\aluated  by 
the  ubiquitous  controlled  clinical  trial.  A  thorough 
discussion  of  the  methodology  of  outcomes  research 
is  beyond  to  scope  of  this  paper;  however,  several 
large  outcomes  research  projects  are  being  funded 
by  the  AHCPR.-^'  -^ 

The  Future 

Clinical  practice  guidelines  will  probably  receive 
increasing  attention  throughout  the  1990s.  The 
AARC  is  definitely  taking  a  leadership  position  in 
this  movement.  The  first  \"\\c  Guidelines  developed 
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by  the  AARC  arc  piihlished  in  this  issue  ot"  Rhs- 
PIRATORY  Care,  and  additional  Guidelines  will  be 
published  as  they  are  completed.  The  development 
of  these  Guidelines  should  be  instrumental  in 
improving  respiratory  care  administered  to  patients 
throughout  the  country. 

Sometimes  Iciimmg  requires  courage.  It  can  he 
difficult  for  experts,  especially,  to  admit  that  they 
could  be  better  at  what  they  do  if  only  they  knew 
more.  To  become  a  learner  is  to  become  vulnerable.-" 

Dean  Hess  MEd  RRT 

Chairman 

AARC  Clinical  Practice  Guidelines 

Steering  Committee 
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IS  1.0    PROCEDURE: 

Incentive  spirometry,  also  referred  to  as  sustained 
maximal  inspiration  (SMI),  is  a  component  of  bron- 
chial hygiene  therapy. '-^ 

IS  2.0     DESCRIPTION/DEFINITION: 

2.1  Incentive  spirometry  is  designed  to  mimic 
natural  sighing  or  yawning  by  encouraging  the 
patient  to  take  long,  slow,  deep  breaths.'-''-'^ 
This  is  accomplished  by  using  a  device  that  pro- 
vides patients  with  visual  or  other  positive  feed- 
back when  they  inhale  at  a  predetermined  flow- 
rate  or  volume  and  sustain  the  inflation  for  a 
minimum  of  3  seconds. -■''■■''"^ 

The  objectives  of  this  procedure  are  to  increase 
transpulmonary  pressure  and  inspiratory  vol- 
umes, improve  inspiratory  muscle  perfor- 
mance,** and  re-establish  or  simulate  the  normal 
pattern  of  pulmonary  hyperinflation. '  When  the 
procedure  is  repeated  on  a  regular  basis,  airway 
patency  may  be  maintained  and  lung  atelectasis 
prevented  and  reversed. '"^•■''■''■'^■"' 

2.2  Incentive  spirometry  should  be  contrasted 
with  expiratory  maneuvers  (such  as  the  use  of 
blow  bottles)  that  do  not  mimic  the  sigh  and 
have  been  associated  with  the  production  of 
reduced  lung  volumes.'^'' 

IS  3.0     SETTINGS: 


IS  4.0    INDICATIONS: 


4.1 


3.1 

3.2 
3.3 
3.4 


Critical  care 

Acute  care  inpatient 

Extended  care  and  skilled  nursing  facility 

Home  care** 


Presence  of  conditions  predisposing  to  the 
development  of  pulmonary  atelectasis 

4.1.1  upper-abdominal  surgery-"*''''"' 

4.1.2  thoracic  surgery''""''  '^ 

4.1.3  surgery  in  patients  with  chronic 
obstructive  pulmonary  disease  (COPD)''"" 
Presence  of  pulmonary  atelectasis'*' 
Presence  of  a  restrictive  lung  defect  asso- 
ciated with  quadraplegia  and/or  dysfunctional 
diaphragm."'*'^""* 


4.2 
4.3 


IS  5.0    CONTRAINDICATIONS: 

5.1  Patient  cannot  be  instructed  or  supervised 
to  assure  appropriate  use  of  the  device. 

5.2  Patient  cooperation  is  absent-""  or  patient 
is  unable  to  understand  or  demonstrate  proper 
use  of  the  device."" 

5.3  IS  is  contraindicated  in  patients  unable  to 
deep  breathe  effectively  (eg,  with  vital  capacity 
[VC]  less  than  about  10  mL/kg  or  inspiratory 
capacity  |IC]  less  than  about  one  third  of  pre- 
dicted). 

5.4  The  presence  of  an  open  tracheal  stoma  is 
not  a  contraindication  but  requires  adaptation  of 
the  spirometer. 

IS  6.0    HAZARDS  AND  COMPLICATIONS: 

6.1  Ineffective  unless  closely  supervised  or 
performed  as  ordered*" 

6.2  Inappropriate  as  sole  treatment  for  major 
lung  collapse  or  consolidation 

6.3  Hyperventilation 

6.4  Barotrauma  (emphysematous  lungs)" 

6.5  Discomfort  secondary  to  inadequate  pain 
control'^'" 
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6.6  Hypoxia  secondary  to  interruption  of  pre- 
scribed oxygen  therapy  if  face  masi^  or  shield  is 
being  used 

6.7  Exacerbation  of  bronchospasm 

6.8  Fatigue-"-' 

IS  7.0     LIMITATIONS  OF  METHOD: 

Evidence  suggests  that  deep  breathing  alone  with- 
out mechanical  aides  can  be  as  beneficial  as  incen- 
ti\e  spirometry  in  preventing  or  reversing  pul- 
monary complications,' -"'  and  controversy  exists 
concerning  overuse  of  the  procedure. ''■*-^ 

IS  8.0     ASSESSMENT  OF  NEED: 

8.1  Surgical  procedure  involving  upper  abdo- 
men or  thorax^  '^ 

8.2  Conditions  predisposing  to  development 
of  atelectasis  including  immobility,  poor  pain 
control,  and  abdominal  binders 

8.3  Presence  of  neuromuscular  disease  involv- 
ing respiratory  musculature^ 

IS  9.0    ASSESSMENT  OF  OUTCOME: 

9.1  Absence  of  or  improvement  in  signs  of 
atelectasis 

9. 1 . 1  decreased  respiratory  rate '  ^' '  ^ 

9.1.2  resolution  of  fever^'* 

9.1.3  nomial  pulse  rate''' 

9.1.4  absent  crackles  (rales)-"  or  pres- 
ence of  or  improvement  in  previously 
absent  or  diminished  breath  sounds 

9.1.5  normal  chest  x-ray- 

9.1.6  improved  arterial  oxygen  tension 
(PaO:)  and  decreased  alveolar-arterial  oxy- 
gen tension  gradient,  or  P(A-a)0:''''''''''" 

9.1.7  increased  VC  and  peak  expiratory 
tlows-*-'*-'^ 

9.1.8  return  of  functional  residual  capacity 
(FRC)  or  VC  to  preoperative  values'*  '^"'^  in 
absence  of  lung  resection 

9.2.     Improved  inspiratory  muscle  perfor- 
mance 

9.2.1  attainment  of  preoperative  flow 
and  volume  levels" 

9.2.2  increased  forced  vital  capacity 
(FVC) 


IS  10.0  RESOURCES: 

10.1  Equipment 

10.1.1  incentive  spirometer 

10.1.2  conclusive  evidence  to  support 
the  use  of  one  type  or  brand  of  device  over 
others  is  lacking-"" 

10.2  Personnel 

10.2.1  Level  I  personnel  should  pos.sess 

10.2.1.1  mastery  of  techniques  for 
proper  operation  and  clinical  applica- 
tion of  device''  and  understanding  of 
the  importance  of  effective  postopera- 
tive pain  relief'^'*''*'  and  the  absence  of 
other  impediments  to  patient  coop- 
eration (such  as  residual  anesthetic  or 
sensory  impairment'-'^) 

10.2.1.2  ability  to  instruct  patient  in 
proper  technique-''  and  an  under- 
standing of  the  importance  of  pre- 
operative instruction  and  supervised 
practice 

10.2.1.3  ability  to  respond  appropri- 
ately to  adverse  effects 

10.2.1.4  knowledge  of  and  ability  to 
implement  Universal  Precautions 

10.2.2  Level  II  personnel,  in  addition  to 
possessing  knowledge  and  abilities 
described  in  10.2.1.1-10.2.1.4,  .should 
have  demonstrated  ability  to  assess  patient 
need  for  and  response  to  therapy  and  rec- 
ommend modifications  and  discontinu- 
ance as  appropriate. 

IS  11.0  MONITORING: 

Direct  supervision  of  every  patient  performance  is 
not  necessary  once  the  patient  has  demonstrated 
mastery  of  technique;''"'-''  however,  preoperative 
instruction,  volume  goals,  and  feedback  are  essen- 
tial to  optimal  performance. 

11.1     Observation  of  patient  performance  and 
utilization 

11.1.1  frequency  of  sessions"' 

11.1.2  number  of  breaths/session"" 

11.1.3  inspiratory  volume  or  flow  goals 
achieved"'  and  3-  to  5-second  breath-hold 
maintained 

11.1.4  effort/motivation"^ 
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11.2  Periodic  observation  of  patient  com- 
pliance with  technique,''"'-^  with  additional  in- 
struction as  necessary 

11.3  Device  within  reach  of  patient"^  and 
patient  encouraged  to  perform  independently 

11.4  New  and  increasing  inspiratory  volumes 
established  each  day 

11.5  Vital  signs 

IS  12.0     FREQUENCY: 

A  number  of  authors  suggest  using  the  device  5-10 
breaths  per  session,  at  a  minimum,  every  hour 
while  awake  (ie,  100  times  a  day).''^"  Caregiver 
does  not  need  to  he  present  with  each  performance, 
and  patient  should  he  encouraged  to  perform  inde- 
pendently. 

IS  13.0     INFECTION  CONTROL: 

13.1  Universal  Precautions-'* 

13.2  Proper  labeling  and  appropriate  storage 
of  devices  between  uses  and  appropriate  clean- 
ing of  devices  between  patients^' 

Bronchial  Hygiene  Guidelines  Committee: 

Lcma  Hilling  RCP  CRTT.  Chairman.  Concord  CA 

Eric  Bakow  RRT.  Pittsburg  PA 

Jim  Fink  RCP  RRT.  San  Francisco  CA 

Chris  Kelly  BS  RRT.  Oakland  CA 

Dennis  Sohush  MA  PT.  Milwaukee  WI 

Peter  A  Southorn  MD,  Rochester  MN 
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POl.O     PROCEDURE: 

Pulse  Oximetry  (SpO:) 

PO  2.0     DESCRIPTION/DEFINITION: 

Pulse  oximetry  provides  estimates  of  arterial  oxy- 
hemoglobin saturation  (SuO;)  by  utilizing  selected 
wavelengths  of  light  to  noninvasively  determine 
the  saturation  of  oxyhemoglobin  (SpOz)-'"'' 

P0  3.()     SETTING: 

Pulse  oximetry  may  be  performed  by  trained  per- 
sonnel in  a  variety  of  settings  including  (but  not 
limited  to)  hospitals,  clinics,  and  the  honied** 

PO  4.0     INDICATIONS: 

4.1  The  need  to  monitor  the  adequacy  of  arte- 
rial oxyhemoglobin  saturation'"*'''' 

4.2  The  need  to  quantitate  the  response  of 
arterial  oxyhemoglobin  saturation  to  therapeutic 
intervention'*'^'"  or  to  a  diagnostic  procedure 
(eg,  bronchoscopy) 

4.3  The  need  to  comply  with  mandated  regu- 
lations"'- or  recommendations  by  authoritative 
groups'''''' 

PO  5.0     CONTRAINDICATIONS: 

The  presence  of  an  ongoing  need  for  measurcnieiit 
of  pH,  PaC02'  tot'i'  hemoglobin,  and  abnormal 
hemoglobins  may  be  a  relative  contraindication  to 
pulse  oximetry. 

PO  6.0     HAZARDS/COMPLICATIONS: 

Pulse  oximetry  is  considered  a  safe  procedure,  but 
because  of  device  limitations,  false-negative  results 
for  hypoxemia^  and/or  false-positive  results  for 
normoxemia''*"'  or  hyperoxemia''''^  may  lead  to 
inappropriate  treatment  of  the  patient.  In  addition, 
tissue  injury  may  occur  at  the  measuring  site  as  a 
result  of  probe  misuse  (eg,  pressure  sores  from  pro- 


longed application  or  electrical  shock  and  bums 
from  the  substitution  of  incompatible  probes  be- 
tween instruments).''' 

PO  7.0     DEVICE  LIMITATIONS/ 
VALIDATION  OF  RESULTS: 

7.1  Factors,  agents,  or  situations  that  may 
affect  readings,  limit  precision,  or  limit  the  per- 
formance or  application  of  a  pulse  oximeter  in- 
clude 

7.1.1  motion  artifact--^-^''° 

7.1.2  abnormal  hemoglobins  (primarily 
carboxyhemoglobin  [COHbJ  and  met- 
hemoglobin  [metHb])''-^'*"' 

7.1.3  intravascular  dyes'-''^-^ 

7.1.4  exposure   of  measuring   probe   to 
ambient  light  during  measurement-  '*^" 
7.L5     low  perfusion  states'-^-'*-^-'-^' 

7.L6     skin  pigmentation'^'''"-' 

7.1.7  nail  polish  or  nail  coverings  with 
finger  probe'' 

7.1.8  inability  to  detect  saturations  be- 
low 83%--  with  the  same  degree  of  accu- 
racy and  precision  seen  at  higher  satura- 

Q  10  ■>!  ')!  '>4 

7.1.9  inability  to  quantitate  the  degree  of 

Inpcroxemia  present'^ 

7.LI0   llyperbiluubincmia      has      been 

shown  not  to  affect  the  accuracy  of  Sp02 

readings.-^-'' 

7.2  To  validate  pulse  oximeter  readings,  in- 
corporate or  assess  agreement  between  SpO: 
and  arterial  oxyhemoglobin  saturation  (SaO:) 
obtained  by  direct  measurement' ■*■"■-' — these 
measurements  should  be  initially  performed 
simultaneously''-'  and  ilicn  periodically  re- 
evaluated in  relation  to  the  patient's  clinical 
slate."-^'-'* 

7.3  To  help  assure  consistency  of  care 
(between  institutions  and  within  the  .same  insti- 
tution) based  on  Spo.  readings,  assess 
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7.3.1  selection  oi'  proper  probe  and 
appropriate  piaceiiient  (the  probe  is  at- 
tached to  its  intended  site); 

7.3.2  for  continuous,  prolonged  mon- 
itoring, the  Hi/Low  alarms  are  appro- 
prately  set; 

7.3.3  specific  manufacturer's  recom- 
mendations are  complied  with,  the  device 
is  applied  and  adjusted  correctly  to  mon- 
itor response  time'"''  and  electrocardio- 
graphic coupling;-" 

7.3.4  strength  of  piethysmograph  wave- 
form or  pulse  amplitude  strength;  assure 
that  device  is  detecting  an  adequate  pulse. 

7.4  SpO:  results  should  be  documented  in  the 
patient's  medical  record  and  should  detail  the 
conditions  under  which  the  readings  were 
obtained: 

7.4.1  date,  time  of  measurement,  and 
pulse  oximeter  reading;  patient's  position, 
activity  level,  and  location;^  during  mon- 
itoring, assure  that  patient's  activity  is 
according  to  physician's  order; 

7.4.2  inspired  oxygen  concentration  or 
supplemental  oxygen  flow,  specifying  the 
type  of  oxygen  delivery  device; 

7.4.3  probe  placement  site'*  and  probe 
type; 

7.4.4  model  of  device  (if  more  than  one 
device  is  available  for  use); 

7.4.5  results  of  simultaneously  obtained 
arterial  pH,  PaO:.  and  PaCO:-  and  directly 
measured  saturations  of  COHb,  MetHb, 
and  02Hb"'  (if  direct  measurement  was  not 
simultaneously  performed,  an  additional, 
one  time  statement  must  be  made  explain- 
ing that  the  SpO:  reading  has  not  been  val- 
idated by  comparison  to  directly  measured 
values); 

7.4.6  stability  of  readings  (length  of 
observation  time  and  range  of  fluctuation, 
for  continuous  or  prolonged  studies, 
review  of  recording  may  be  necessary); 

7.4.7  clinical  appearance  of  patient — 
subjective  assessment  of  perfusion  at 
measuring  site  (eg,  cyanosis,  skin  tem- 
perature); '^ 

7.4.8  agreement  between  patient's  heart 
rate  as  determined  by  pulse  oximeter  and 
by  palpation  and  oscilloscope.-  '^■-'*''° 


7.5  When  disparity  exists  between  SpO:.  SaO: 
readings,  and  the  clinical  presentation  of  the 
patient,  possible  causes  should  be  explored 
before  results  are  reported.  Discrepancies  may 
be  reduced  by  monitoring  at  alternate  sites  or 
appropriate  substitution  of  instruments  or 
probes.  //  such  steps  do  not  remedy  the  dis- 
parity, results  of  pulse  oximetry  should  not  be 
reported;  instead,  a  statement  describing  the 
corrective  action  should  be  included  in  the 
patient's  medical  record,  and  direct  measure- 
ment of  arterial  blood  gas  values  should  be 
requested.  The  absolute  limits  that  constitute 
unacceptable  disparity  vary  with  patient  condi- 
tion and  specific  device.  Clinical  judgment  must 
be  exercised. 

PO  8.0     ASSESSMENT  OF  NEED: 

8.1  When  direct  measurement  of  SaO:  's  not 
available  or  accessible  in  a  timely  fashion,  a 
SpO:  measurement  may  temporarily  suffice  if 
the  limitations  of  the  data  are  appreciated.'"* 

8.2  SpO:  is  appropriate  for  continuous  and  pro- 
longed monitoring  (eg,  during  sleep,  exercise,  bron- 
choscopy).'-^-^-'-'"'^"^' 

8.3  SpO:  niay  be  adequate  when  assessment  of 

acid-base  status  and/or  Pao^  is  not  requir- 
ed i. 4...  lo 

PO  9.0     ASSESSMENT  OF  OUTCOME: 

The  following  should  be  utilized  to  evaluate  the 
benefit  of  pulse  oximetry: 

9.1  SpO:  results  should  reflect  the  patient's 
clinical  condition  (ie,  validate  the  basis  for 
ordering  the  test). 

9.2  Documentadon  of  results,  therapeutic  in- 
tervention (or  lack  of),  and/or  clinical  decisions 
based  on  the  SpO:  measurement  should  be  noted 
in  the  medical  record. 

PO  10.0     RESOURCES: 

10.1  Equipment:  pulse  oximeter  and  related 
accessories  (probe  of  appropriate  size) — the 
oximeter  should  have  been  validated  by  the 
manufacturer  by  a  comparison  of  its  values  (and 
consequently  its  calibration  curve)  with  directly 
measured  oxyhemoglobin  saturation. '^■''- 
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10.2  Personnel:  Pulse  oximetry  is  a  relalnely 
easy  procedure  to  perform.  However,  if  the  pro- 
cedure is  not  properly  performed  or  if  it  is  per- 
formed by  persons  who  are  not  cognizant  of 
device  limitations  or  applications,  spurious 
results  can  lead  to  inappropriate  intervention. 

10.2.1  Level  I — personnel  trained  in  the 
technical  operation  of  pulse  oximeters. 
oxygen  delivery  devices  and  related 
equipment,  measurement  of  vital  signs, 
and  record  keeping — may  perform  and 
record  results  of  pulse  oximetr\  but 
should  be  supervised  by  Level  1!  per- 
sonnel. 

10.2.2  Level  11 — health  care  profes- 
sionals trained  in  patient  assessment,  dis- 
orders of  acid-base,  oxygenation  and  ven- 
tilation, and  diagnostic  and  therapeutic 
alternatives — evaluate  patients  and  rec- 
ommend and/or  make  changes  in  therapy 
based  on  assessment. 

PO  11.0     MONITORING: 

The  clinician  is  referred  to  Section  7.0  Validation 
of  Results.  The  monitoring  schedule  of  patient  and 
et|uipment  during  continuous  oximetry  should  be 
lictl  to  bedside  assessment  and  vital  signs  deter- 
minations. 

PO  12.0     FRKQl  ENCY: 

After  agreement  has  been  initially  established 
betw  ecn  SaO:  and  SpO:-  the  frequency  of  SpO:  mon- 
itoring (ie.  continuous  vs  "spot  check")  depends  on 
the  clinical  status  of  the  patient,  the  indications  for 
performing  the  procedure  and  recominended  guide- 
lines.'''" For  example,  continuous  .Spo.  monitoring 
may  be  indicated  throughiHit  a  bronchoscopy  for 
detecting  episodes  of  desaturation."  ''  whereas  a 
spot  check  may  suffice  for  evaluating  the  efficacy 
of  continued  oxygen  therapv  in  a  stable  post- 
operative patient.  However,  il  nuisi  be  emphasi/ed 
that  direct  measurement  of  Sa02  is  necessary  when- 
e\er  the  .Spo^  does  not  confirm  or  verify  suspicions 
concerning  the  patient's  clinical  stale. 

PO  13.0     INFECTION  CONTROL: 

No  special  precautions  are  necessary,  but  Universal 
Precautions  (as  described  by  the  Centers  for  Dis- 
ease Control''-'^)  are  recommended. 


13.1  If  the  device  probe  is  intended  for  multi- 
ple patient  use,  the  probe  should  be  cleaned 
between  patient  applications  according  to  man- 
ufacturer recommendations. 

13.2  The  external  portion  of  the  monitor 
should  be  cleaned  according  to  manufacturer's 
recommendations  whenever  the  device  remains 
in  a  patient's  room  for  prolonged  periods,  when 
soiled,  or  when  it  has  come  in  contact  with 
potentially  transmissible  organisms. 

Cardiopulmonary  Diagnostics  Guidelines 
Committee: 

Kevin  Shrakc  MA  RRI .   Chairman.  Springfield  IL 
Susan  Blonshine  RPFT RRT,  Lansing  MI 
Robert  Brown  BS  RPFT  RRT,   Madison  W  1 
Robert  Crapo  MD.  Salt  Lake  City  UT 
Rick  Mariineau  BS  RPFT  RRT.   Reno  NV 
Gregg  Ruppell  MA  RPFT  RRT.  St  Louis  MO 
Jack  WangerMBA  RPFT  RRT.  Denver  CO 
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Oxygen  Therapy  in  the  Acute  Care  Hospital 


OT-AC  1.0     PROCEDURE: 

The  procedure  addressed  is  the  administration  of 
oxygen  iherapy  in  the  acute  care  hospital  other  than 
with  mechanical  ventilators  and  hyperbaric  cham- 
bers. 

OT-AC  2.0     DEFINITION/DESCRIPTION: 

Oxygen  therapy  is  the  administration  of  oxygen  at 
concentrations  greater  than  that  in  ambient  air  with 
the  intent  of  treating  or  preventing  the  symptoms, 
and  manifestations  of  hypoxia.' 

OT-AC  3.0     SETTING: 

This  Guideline  is  confined  to  oxygen  administra- 
tion in  the  acute  care  hospital. 

OT-AC  4.0     INDICATIONS: 

4.1  Documented  hypoxemia 

4.1.1  in  adults,  children,  and  infants 
older  than  28  days,  arterial  oxygen  tension 
(PaO;)  of  <  60  torr  or  arterial  oxygen  sat- 
uration (Sa02)  of  <  90%  in  subjects  breath- 
ing room  air  or  with  PaOj  and/or  SaO; 
below  desirable  range  for  specific  clinical 
situation'  - 

4.1.2  in  neonates,  PaO:  <  50  torr  and/or 
Sa02  <  88%  or  capillary  oxygen  tension 
(PcO2)<40torr''-* 

4.2  An  acute  care  situation  in  which  hypoxe- 
mia is  suspected '■'*'''* — substantiation  of  hypox- 
emia is  required  within  an  appropriate  period  of 
time  following  initiation  of  therapy 

4.3  Severe  trauma^  ** 

4.4  Acute  myocardial  infarction''' 

4.5  Short-term  iherapy  (eg.  post-anesthesia 
recovery)''"' 

OT-AC  5.0     CONTRAINDICATIONS: 

No  specific  contraindications  to  oxygen  therapy 
exist  when  iiulications  are  Juilged  to  he  iiresent. 


OT-AC  6.0  PRECAUTIONS  AND/OR  POS- 
SIBLE COMPLICATIONS: 

6.1  With  PaO:  ^  60  torr.  ventilatory  depression 
may  occur  in  .spontaneously  breathing  patients 

with  elevated  Paco:-**"'" 

6.2  With  Fio;  ^  0.5.  absorption  atelectasis, 
oxygen  toxicity,  and  or  depression  of  ciliary 
and/or  leukocytic  function  may  occur.'-" 

6.3  In  newborns 

6.3.1  In  premature  infants  PaO:  of  >  80 
torr  should  be  avoided  because  of  the  pos- 
sibility of  retinopathy  of  prematurity.-  '"* 
6.3.2.  Increased  PaO:  can  contribute  to 
closure  or  constriction  of  the  ductus  arte- 
riosus— a  possible  concern  in  infants  with 
ductus-dependent  heart  lesions.''' 

6.4  Supplemental  oxygen  should  be  admin- 
istered with  caution  to  patients  suffering  from 
paraquat  poisoning"'  and  to  patients  receiving 
bleomycin.'^ 

6.5  During  laser  bronchoscopy,  minimal  lev- 
els of  supplemental  oxNgen  should  be  used  to 
avoid  intratracheal  ignition.'** 

6.6  Fire  hazard  is  increased  in  the  presence  of 
increased  oxygen  concentrations. 

6.7  Bacterial  coniaminalit)n  associated  with 
certain  nebulization  and  humidifications  sys- 
tems is  a  possible  hazard.'''"-' 

OT-AC     7.0     LIMITATIONS  OF 
PROCEDURE: 

Oxygen  therapy  has  only  limited  benefit  for  the 
treatment  of  hypoxia  due  to  anemia,  and  benefit 
may  be  limited  with  circulatory  disturbances. 

Oxygen  therapy  should  not  be  used  in  lieu  of  but  in 
addition  to  mechanical  ventilation  when  ventilatory 
support  is  indicatcil. 

OT-AC  8.0     ASSESSMENT  OF  NEED: 

Need  is  determined  by  measurement  of  inadequate 
oxygen  tensions  and/or  saturations.  b\  in\asi\e  or 
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iKMiiiuasive  metlmds,  aiid/or  ihe  presence  ol  clin- 
ical indicators  as  previously  described. 

OT-AC  9.0     ASSESSMENT  OF  OUTCOME: 

Outcome  is  determined  by  clinical  and  physiologic 
assessment  to  establish  adequacy  of  patient  re- 
sponse to  therapy. 

OT-AC  10.0     RESOURCES: 

10.1  Equipment 

10.1.1  Low-flow  systems  deliver  100% 
(ie,  Fdo:  =  10)  oxygen  at  flows  that  are 
less  than  the  patient's  inspiratory  llowrate 
(ie,  the  delivered  oxygen  is  diluted  with 
room  air)  and.  thus,  the  oxygen  concentra- 
tion inhaled  (Fio^)  may  be  low  or  high, 
depending  on  the  specific  device  and  the 
patient's  inspiratory  flowrate.---'* 

10.1.1.1  Nasal  cannulas  can  provide 
24-40%  oxygen  with  flowrates  up  to  6 
L/min  in  adults  (depending  on  ven- 
tilatory pattern),'  but  in  newborns  and 
infants  flows  should  be  limited  to  a 
maximum  of  2  L/min.""*  -^  Oxygen  sup- 
plied to  adults  via  nasal  cannula  at 
flowrates  less  than  or  equal  to  4  L/min 
need  not  be  humidified."'' "' 

10.1.1.2  Simple  oxygen  masks  can 
provide  35-50%  oxygen  at  flowrates 
from  5-10  L/min.  Flowrates  should  be 
maintained  at  5  L/min  or  more  in  order 
to  avoid  rebreathing  exhaled  COi  that 
can  be  retained  in  the  mask.''*^-* 

10.1.1.3  Masks  with  reservoir  bags 
(partial  rebreathers  and  non-rebreath- 
ers)  are  designed  to  provide  F102S  of 
0.5  or  greater.  In  practice,  both  partial 
and  non-rebreathers  function  in  a  sim- 
ilar manner  and  provide  Fio^  of  about 
0.6  (depending  on  mask  fit  and  ven- 
tilatory variables)  provided  the  flow- 
rate  is  sufficient  to  keep  the  reservoir 
bag  inflated  during  inspiration.  Higher 
F102  is  possible  depending  on  mask  fit 
and  ventilatory  variables.'  " 

10.1.1.4  Patients  who  have  been 
receiving  transtracheal  oxygen  at  home 


may  contmue  to  receive  oxygen  by  this 
method  in  the  acute  care  hospital  set- 
ting provided  no  problems  present.  If 
difficulties  related  to  the  transtracheal 
route  of  administration  appear,  oxy- 
genation should  be  assured  by  other 
means. 

10.1.1.5     Because  of  the  llucluations 
in    oxygen    concentration    that    occur 
when  oxygen   is   supplied  directly  to 
incubators  at  low  Hows,  supplemental 
oxygen  should  be  supplied  via  a  high- 
flow  hood  system. 
10.1.2     High-flow  systems  deliver  a  pre- 
scribed gas  mixture — either  high  or  low 
Fdo: — at    flowrates    that    exceed    patient 
demand.---^-" 

10.1.2.1  Currently  available  jet- 
mixing  masks  can  accurately  deliver 
predetermined  oxygen  concentration  to 
the  trachea  up  to  40%.  Jet-mixing 
masks  rated  at  50%  or  higher  usually 
do  not  deliver  flowrates  adequate  to 
meet  the  inspiratory  flowrates  of  adults 
in  respiratory  distress.''-''-'' 

10.1.2.2  Aerosol  masks,  tracheost- 
omy collars.  T-tube  adapters,  and  face 
tents  can  be  used  with  high-tlow  sup- 
plemental oxygen  systems.  The  gas 
flow  can  be  humidified  by  a  continuous 
aerosol  generator  or  large-reservoir 
humidifier.  Some  aerosol  generators 
cannot  provide  adequate  tlows  at  high 
oxygen  concentrations.' 

10.1.2.3  Mist  tents  may  also  be  used 
to  provide  supplemental  oxygen  to 
pediatric  patients  (and  occasionally  to 
adults),  although  F102  control  and 
infection  control  arc  difficult  in  such 
tents. 

10.1.2.4  Supplemental  oxygen  may 
be  administered  to  newborns  and 
infants  by  hood,  with  the  high-flow 
oxygen  source  provided  by  heated  or 
cool  humidifiers  or  continuous  aerosol 
generators.  In  newborns,  humidifiers 
are  prefened.  to  reduce  noise  ievef^" 
and  minimize  cross-contamination. 
Heated  humidifiers  are  recommended 
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to    maintain     themioneutral    environ- 
ments. 
10.2     Personnel 

10.2.1  Level  I  personnel — ie.  any  per- 
son who  has  adequately  demonstrated  the 
ability  to  perfomi  the  task — may  check 
and  document  that  a  device  is  being  used 
appropriately  and  the  flow  is  as  pre- 
scribed. 

10.2.2  Level  II  pensonnci — licensed  or 
credentialed  respiratory  care  practitioners 
or  persons  with  equivalent  training  and 
documented  ability  to  perform  the  tasks — 
may  assess  patients,  initiate  and  monitor 
oxygen  delivery  systems,  and  recommend 
changes  in  therapy. 

OT-AC  11.0     MONITORING: 

11.1  Patient 

11.1.1  clinical  assessment  including  but 
not  limited  to  cardiac,  pulmonary,  and 
neurologic  status 

11.1.2  assessment  of  physiologic  para- 
meters: measurement  of  oxygen  tensions 
or  saturation  in  any  patient  treated  with 
oxygen 

11.1.2.1  in  conjunction  with  the  initi- 
ation of  therapy;  or 

11.1.2.2  within  12  hours  of  initiation 
with  Fi()2  <  0.40 

11.1.2.3  within  8  hours,  with  Fio:  ^ 
than  0.40  (including  po.stanesthesia  re- 
covery) 

11.1.2.4  within  72  hours  in  acute 
myocardial  infarction" 

11.1.2.5  within  2  hinns  for  any  pa- 
tient with  the  principal  diagnosis  of 
COPD 

11.1.2.6  within  1  hour  for  the  neo- 
nate- 

11.2  Equipment 

11.2.1  All  oxygen  delivery  systems 
should  be  checked  at  least  once  per  day. 

11.2.2  More  frequent  checks  by  cal- 
ibrated analyzer  are  necessary  in  systems 


11.2.2.1  susceptible  to  variation  in 
oxygen  concentration  (eg.  hoods,  high- 
flow  blending  systems) 

11.2.2.2  applied  to  patients  with  arti- 
ficial airways 

11.2.2.3  delivering  a  heated  gas  mix- 
ture 

11.2.2.4  applied  to  patients  who  are 
clinically  unstable  or  who  require  an 
Fi{)2  of  0.50  or  higher. 

11.2.3  The  standard  of  practice  for  new- 
borns appears  to  be  continuous  analysis  of 
Fdo:  with  a  system  check  at  least  every  4 
hours,  but  data  to  support  this  practice 
may  not  be  a\  ailable. 

OT-AC  12.0     FREQUENCY: 

Oxygen  therapy  should  be  administered  continu- 
ously unless  the  need  has  been  shown  it)  be  asso- 
ciated only  with  specific  situations  (eg,  exercise 
and  sleep). 

OT-AC  13.0     INFECTION  CONTROL: 

Under  normal  circumstances,  low  -flow  oxygen  sys- 
tems (including  cannulas  and  simple  masks)  do  not 
present  clinically  important  risk  of  infection  and 
need  not  be  routinely  replaced.'  High-flow  systems 
that  employ  heated  humidifiers  and  aerosol  gener- 
ators, particularly  when  applied  to  subjects  with 
artificial  airways,  can  pose  important  risk  of  infec- 
tion. In  the  absence  of  definitive  studies  to  support 
change-out  intervals,  results  of  institution-specific 
and  patient-specific  surveillance  measures  should 
dictate  the  frequency  with  which  such  equipment  is 
replaced. 

Oxygen  Therapy  Guidelines  Committee: 

Diane  Lewis  MS  RRT.  Chairman,  Naples  FL 
Ihoinas  A  Barnes  EdD  RRT.  Boston  MA 
Kay  Beanie  BA  RRT.  Columbus  OH 
Liiimi  J  Reisman  Beytas  MPH  RRT.  Peoria  IL 
Waller  J  O  'Donohiie  Jr  MD.  Omaha  NE 
Noah  Perlman  BS  RRT.  Boston  MA 
Ray  H  Ritz  BA  RRT.  Boston  MA 
John  SalyerRRT.  Salt  Lake  City  UT 
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Spirometry 


S  1.0     PROCEDURE: 

Spirometry  (S) 

S  2.0     DESCRIPTION/DEFINITION: 

The  objective  of  spirometry  is  to  assess  ventilatory 
function.  Spirometry  includes  but  is  not  limited  to 
the  measurement  of  forced  vital  capacity  (FVC). 
the  forced  expiratory  volume  in  the  first  second 
(FEV|),  and  other  forced  expiratory  flow  measure- 
ments such  as  the  FEFiy/^.isc;^-  Spirometry  should  be 
performed  with  a  graphic  representation  (spiro- 
gram) of  the  maneuver.  Either  a  volume-time  or 
flow-volume  display  is  acceptable.  Other  param- 
eters that  may  be  obtained  by  spirometry  include 
FEF„,„  FEF7.V;;,  FEF50,,,  FEF,5,;,  FIFso,,,  and  PEF. 

S  3.0     SETTING: 

These  guidelines  should  be  applied  to  spirometry 
performed  by  trained  health  care  professionals 

3.1  in  the  pulmonary  function  laboratory 

3.2  at  the  bedside 

3.3  in  the  clinic  or  physician's  office 

3.4  in  the  workplace  or  home 

3.5  for  public  screening 

S  4.0     INDICATIONS: 

The  indications  for  spirometry'^  include  the  need 
for 

4.1  detecting  the  presence  or  ab.sence  of  lung 
dysfunction  suggested  by  history  or  physical 
indicators  (eg.  age.  smoking  history,  lainily  his- 
tory of  lung  disease,  cough)  and/or  the  presence 
of  other  abnormal  diagnostic  tests  (eg.  chest  x- 
ray.  arterial  blood  gases) 

4.2  quantifying  the  .severity  of  known  king 
disease 

4.3  assessing  the  change  in  lung  function  over 
time  or  following  administration  of  or  change  of 
therapy 


4.4  assessing  the  potential  effects  or  response 
to  environmental  or  occupational  exposure 

4.5  assessing  the  risk  for  surgical  procedures 
knovK  n  to  affect  lung  function 

S  5.0     CONTRAINDICATIONS: 

Relative  contraindications'^  **  to  performing  spirom- 
etry are 

5.1  hemoptysis  of  unknown  origin 

5.2  untreated  pneumothorax 

5.3  unstable  cardiovascular  status 

5.4  thoracic,  abdominal,  or  cerebral 
aneurysms 

5.5  recent  eye  surgery  (eg,  cataract) 

5.6  presence  of  an  acute  disease  process  that 
might  interfere  with  test  performance 

S  6.0     HAZARDS/COMPEICATIONS: 

■Although  spirometrN'  is  a  safe  procedure,  the  lol- 
low  ing  untoward  reactions  may  occur^ '' 

6.1  pneumothorax 

6.2  increased  intracranial  pressure 

6.3  syncope,  di/ziness.  light-headedness 

6.4  chest  pain 

6.5  paroxysmal  coughing 

6.6  contraction  of  nosocomial  infections 

6.7  oxygen  desaluration  due  to  interruption  of 
oxygen  therapy 

6.8  bronchospasm 

S  7.0     LIMITATIONS  OF  METHODOEOCiV/ 
VALIDATION  OF  RESULTS: 

7.1.  Spirometry  is  an  effort-dependent  test 
that  requires  careful  instruction,  as  well  as 
cooperation,  on  the  part  of  the  test  subject.  Ina- 
bility to  perform  acceptable  nianeu\ers  may  be 
due  to  poor  motivation  or  understanding  on  the 
part  of  the  subject.  Physical  impairments  may 
also  limit  the  patient's  abilits   to  perform  spi- 
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rometiy.  Young  children  (less  than  5  years  of 
age)  may  also  be  unable  to  perform  acceptable 
spirometric  maneuvers.  These  limitations  do  not 
preclude  attempting  spirometry,  but  should  be 
considered  in  interpreting  the  results. 
7.2  The  results  of  spirometry  should  meet  all 
recommendations  proposed  by  the  American 
Thoracic  Society  (ATS).'""  The  Siandard- 
ization  of  Spirometry — 19H7  Update^  is  rec- 
ommended as  a  more  detailed  guide  for  those 
perfcMiiiing  spirometry.  The  most  important  as- 
pects include 

7.2.1  The  need  for  visual  inspection  of 
spirograms  to  determine  that  the  "start-of- 
test"  and  "end-of-test"  conform  to  the 
ATS  guidelines,  and  that  maximal  subject 
effort  was  obtained'-  (specific  criteria  for 
these  parameters  are  contained  in  the  ATS 
document.) 

7.2.2  Three  acceptable  forced  expiratory 
maneuvers  are  required.  The  two  largest 
FVCs  and  FEV|S  from  the  two  best  tests 
by  ATS  criteria  should  be  within  5%  of 
each  other. 

7.2.3  If  a  subject  is  unable  to  perform  an 
acceptable  maneuver  after  8  attempts,  test- 
ing may  be  discontinued.  However,  more 
efforts  may  be  performed  depending  on 
the  subject's  clinical  condition  and  toler- 
ance. 

S  8.0     ASSESSMENT  OF  NEED: 

Determination  that  valid  indications  are  present 

S  9.0     ASSESSMENT  OF  TEST  QUALITY: 

Spirometry  performed  for  the  listed  indications  will 
be  valid  only  if  the  spirometer  functions  acceptably 
and  the  subject  is  able  to  perform  the  maneuvers  in 
an  acceptable  and  reproducible  fashion.  All  reports 
should  contain  a  statement  about  the  technician's 
assessment  of  test  quality  and  specify  which  ATS 
Standards  were  not  met. 

S  10.0     RESOURCES: 

10.1  Equipment:  The  spirometer  must  meet 
or  exceed  the  requirements  proposed  by  the 
ATS  and  must  be  calibrated  appropriately.'  Spi- 


rometers that  prt)duce  volume-lime  or  tlow- 
volume  displays  are  acceptable.  Reference  val- 
ues should  be  appropriate  for  the  population  of 
subjects  tested." 

10.2  Personnel:'^  Spirometry  should  be  per- 
formed under  the  direction  of  a  physician 
trained  in  pulmonary  function  testing  and  may 
be  performed  by  persons  who  meet  criteria  for 
either  Level  I  or  Level  II.  The  value  of  spirom- 
etry results  can  be  compromised  by  poor  patient 
instruction  secondary  to  inadequate  technician 
training. 

10.2.1  Level  1:  persons  trained  in  and  with 
demonstrated  ability  to  perform  spirom- 
etry. Test  quality  should  be  reviewed  by  a 
Level  II  individual  or  a  physician,  with 
feedback  on  an  ongoing  basis. 

10.2.2  Level  II:  persons  trained  in  and 
with  demonstrated  ability  to  perform  spi- 
rometry and  holding  one  of  the  following 
credentials — Certified  Respiratory  Ther- 
apy Technician  (CRTT).  Registered  Res- 
piratory Therapist  (RRT),  Certified  Pul- 
monary Function  Technologist  (CPFT), 
Registered  Pulmonary  Function  Tech- 
nologist (RPFT). 

SU.O     MONITORING: 

The  following  should  be  evaluated  during  the  per- 
formance of  spirometric  measurements  to  ascertain 
the  validity  of  the  results. '"'- 

11.1  test  data  of  repeated  efforts  (ie,  repro- 
ducibility of  FVC,  FEV,)'^ 

11.2  level  of  effort  and  cooperation  by  the 
subject 

11.3  equipment  function  or  malfunction  (ie, 
calibration)'-^ 

11.4  the  final  report  should  contain  a  state- 
ment about  test  quality  and  should  include  a 
brief  pulmonary  history 

S  12.0     FREQUENCY: 

How  often  spirometry  should  be  repeated  depends 
on  the  clinical  status  of  the  subject  and  the  indica- 
tion for  performing  the  test. 

S  13.0     INFECTION  CONTROL: 

Spirometry  is  a  relatively  safe  procedure,  but  a  pos- 
sibility of  cross-contamination  exists,  either  from 
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the  patient-patient  or  the  palient-technoiogisi  inter- 
face. The  lollowing  guidelines  should  be  applied 
whenever  spirometry  is  performed. 

13.1  Universal  Precautions"'"  (as  published 
b\  the  Centers  for  Disease  Control)  should  be 
applied  in  ail  instances  in  which  there  is  evi- 
dence of  conianiinalion  with  blood  (eg.  mouth- 
pieces). Although  Universal  Precautions  do  not 
apply  to  saliva  or  mucus  unless  it  contains 
blood,  it  should  be  noted  that  other  potentially 
hazardous  organisms  may  be  present  in  these 
fluids  even  in  the  absence  of  blood,  and  the 
appropriate  use  of  barriers  and  hand  washing  is 
recommended.''  '" 

13.2  Due  to  the  nature  of  forced  expiratory 
maneuvers  and  the  likelihood  of  coughing  when 
spirometry  is  performed  by  subjects  with 
known  or  suspected  active  infection  with  M 
luherciilosis  or  other  airborne  organisms,  the 
following  precautions  are  recommended. 

13.2.1  The  room  in  which  spirometry  is 
performed  should  meet  or  exceed  the  rec- 
ommendations of  U.S.  Public  Health  Ser- 
vice-' for  air  changes  and  ventilation. 
Ideally,  an  area  in  the  testing  department 
should  be  specially  ventilated  for  isolation 
patients.  If  this  is  not  possible,  the  patient 
should  be  returned  to  the  isolation  room  as 
soon  as  possible,  or,  alternati\ely,  may  be 
tested  at  the  bedside  using  an  acceptable 
spirometer. 

13.2.2  Puhm)nary  function  technicians 
or  technologists  performing  procedures  on 
patients  with  potentially  infectious  air- 
borne diseases  should  wear  a  personal  res- 
pirator or  a  close-fitting  surgical  mask, 
especially  if  the  testing  itself  induces 
cough. 

13.3  The  mouthpiece,  tubing,  and  an\  parts  of 
the  spirometer  that  come  into  contact  with  the 
subject  should  be  disposable  or  sterilized 
between  patients.  If  sterilization  is  not  feasible, 
then  high-le\el  disinlcction  should  be  per- 
formed. It  is  unnecessary  to  routinely  clean  the 
interior  surface  of  the  spirometer. 

13.4  Bacteria  filters  may  be  used  in  circuits 
that  allow  rebreathing,  although  their  efficacy  is 
not    well    docuinenled.    lii)we\er,    such    fillers 


impose  added  resistance  and  thus  can  affect 
accuracy  particularly  of  forced  expiratory  and 
inspiratory  maneuvers. 
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Postural  Drainage  Therapy 


PDT  1.0     PROCEDURE: 

Postural  drainage  therapy  (PDT)  is  a  component  of 
bronchial  hygiene  therapy.  It  consists  of  postural 
drainage,  positioning,  and  turning  and  is  sometimes 
accompanied  b}  chest  percussion  and/or  \  ibration. 

Cough  or  airway  clearance  techniques  are  essential 
components  of  therapy  when  postural  drainage  is 
intended  to  nu)bili/e  secretions- '"^  Postural  drain- 
age therapy  is  often  used  in  conjunction  with  aero- 
sol administration  and  other  respirator)  care  pro- 
cedures. 

This  procedure  has  been  commonly  referred  to  as^'- 
chest  physiotherapy, 
chest  physical  therapy, 
postural  drainage  and  percussion,  and 
percussion  and  vibration. 

PDT  2.0     DESCRIPTION/DEFINITION: 

Postural  drainage  therapy  is  designed  to  improve 
the  mobilization  of  bronchial  secretions-'*''**"'"'''''** 
and  the  matching  of  ventilation  and  perfusion.'''-^ 
and  to  normalize  functional  residual  capacity 
(FRC) ''■'■*•-"  based  on  the  effects  of  gra\ity  and 
external  manipulation  of  the  thora.\.  This  includes 
turning,  postural  drainage,  percussion,  vibration, 
and  cough. 

2.1  Turning 

Turning  is  the  rotation  of  the  body  around  the 
longitudinal  axis  to  promote  unilateral  or  bilat- 
eral lung  expansion'''"  and  improve  arterial 
oxygenation.'''-'"  Regular  turning  can  be  to 
either  side  or  the  prone  position,^-  with  the  bed 
at  any  degree  of  inclination  (as  indicated  and 
tolerated).  Patients  may  turn  themselves  or  they 
may  turned  by  the  caregiver  or  by  a  special  bed 
or  device. -'■^'•^^■^^ 

2.2  Postural  Drainage 

Postural  drainage  is  the  drainage  of  secretions, 
by  the  effect  of  gravity,  from  one  or  more  lung 


segments  to  the  central  airways  (where  they  can 
be  removed  by  cough  or  mechanical   aspira- 

tion)  2.4.5.1 1.13.15-18.26.2>*..r6,..7  g^^.,^   p^^^^j^^  ^.^^^j^j^ 

of  placing  the  target  lung  segment(s)  superior  to 
the  carina.  Positions  should  generally  be  held 
for  3  to  15  minutes  (longer  in  special  situa- 
tions).^-*-'3-'^-'»'20-2^-'^-^''  Standard  positions  are 
modified  as  the  patient's  condition  and  toler- 
ance warrant. 
2.3     External  Manipulation  of  the  Thorax 

2.3.1  Percussion 

Percussion  is  also  referred  to  as  cupping, 
clapping,  and  tapotement.  The  purpose  of 
percussion  is  to  intermittently  apply 
kinetic  energy  to  the  chest  wall  and  lung. 
This  is  accomplished  by  rh\thmically 
striking  the  thorax  with  cupped  hand  or 
mechanical  device  directly  over  the  lung 
segment(s)  being  drained.  No  convincing 
e\idence  demonstrates  the  superiority  of 
one  method  o\er  the  other.'*"*""  "'^ 

2.3.2  Vibration 

Vibration  involves  the  application  of  a 
line  tremorous  action  (manually  per- 
formed by  pressing  in  the  direction  that 
the  ribs  and  soft  tissue  of  the  chest  move 
during  expiration)  o\er  the  draining  area. 
No  conclusi\c  evidence  supports  the  effi- 
cacy of  vibration,  the  superiority  of  either 
manual  or  mechanical  methods,  or  an  opti- 
mum frequency. -■^■'-'■-^•-'*-'"-^*'-''*-'''-*''-" 

PDT  3.0     SETTING: 

Although  PDT  can  be  used  with  neonates,  infants, 
childrens,  and  adults,  this  Guideline  applies  pri- 
marily to  older  children  and  adults.  PDT  can  be 
performed  in  a  w  idc  \  ariety  of  settings. 

3.1  Critical  care 

3.2  In-patient  acute  care 

3.3  Extended  care  and  skilled  nursing  facility 
care 
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3.4  Home  care 

3.5  Outpatient/ambulatory  care 

3.6  Pulmonary  diagnostic  (bronchoscopy)  la- 
boratory 

PDT  4.0      INDICATIONS: 

4.1  Turning 

4.1.1  inability  or  reluctance  of  patient  to 
change  body  position,  (eg.  mechanical 
ventilation,  neuromuscular  disease,  drug- 
induced  paralysis) 

4.1.2  poor  oxygenation  associated  with 
position-"--""*'-"'"  (eg.  unilateral  lung  dis- 
ease) 

4.1.3  potential  for  or  presence  of  ate- 
lectasis-^-*-'" 

4.1.4  presence  of  artificial  airway 

4.2  Postural  Drainage 

4.2.1  evidence  or  suggestion  of  dif- 
ficulty with  secretion  clearance 

4.2.1.1  difficulty  clearing  secretions 
with  expectorated  sputum  production 
greater  than  25-30  mL/day 
(adult)"'^-"''---"^-*-^*'-''-'-' 

4.2.1.2  evidence  or  suggestion  of  re- 
tained secretions  in  the  presence  of  an 
artificial  airway 

4.2.2  presence  of  atelectasis  caused  by 
or  suspected  of  being  caused  by  mucus 
plugging-^-^"-^^-'"-^^ 

4.2.3  diagnosis  of  diseases  such  as  cystic 
fibrosis,'-^"' ■''-'■ '"■''•-''  bronchiectasis.-*-''-* 
or  cavitating  lung  disease 

4.2.4  presence  of  foreign  body  in  air- 
way-''*-''* 

4.3  External  Manipulation  of  the  Thorax 
4.3.1  sputum  volume  or  consistency  sug- 
gesting a  need  for  additional  manipulation 
(eg.  percussion  and/or  vibration)  to  assist 
movement  of  secretions  by  gravity,  in  a 
patient  receiving  postural  drainage 

PDT  5.0     CONTRAINDICATIONS: 

The  decision  to  use  postural  drainage  therapy 
requires  assessment  of  potential  benefits  versus 
potential  risks.  Therapy  should  be  provided  for  no 
longer  than  necessary  to  obtain  the  desired  ther- 


apeutic  results.   Listed  contniuulications  are   rel- 
ative unless  marked  as  absolute  (A). 

5.1     Positioning 

5.1.1  All  positions  are  contraindicated 
for 

5.1.1.1  intracranial  pressure  (ICP)  > 
20  mm  Hg^''-^" 

5.1.1.2  head  and  neck  injury  until  sta- 
bilized (A) 

5.1.1.3  active  hemorrhage  with 
hemodynamic  instability  (A) 

5.1.1.4  recent  spinal  surgery  (eg,  lam- 
inectomy) or  acute  spinal  injury 

5.1.1.5  acute  spinal  injury  or  active 
hemoptysis 

5.1.1.6  empyema 

5.1.1.7  bronchopleural  fistula 

5.1.1.8  pulmonary  edema  associated 
with  congestive  heart  failure 

5.1.1.9  large  pleural  effusions 

5.1.1.10  pulmonary  embolism 

5.1.1.11  aged,  confused,  or  anxious 
patients  who  do  not  tolerate  position 
changes 

5.1.1.12  rib  fracture,  with  or  without 
flail  chest 

5.1.1.13  surgical  wound  or  healing 
tissue 

5.1.2  Trendelenburg  position  is  contra- 
indicated  for 

5.1.2.1  intracranial  pressure  (ICP)  > 
20  mm  Hg'""' 

5.1.2.2  patients  in  whom  increased 
intracranial  pressure  is  to  be  avoided 
(eg,  neurosurgery,  aneurysms,  eye  sur- 
gery) 

5.1.2.3  uncontrolled  hypertension 

5.1.2.4  distended  abdomen 

5.1.2.5  esophageal  surgery 

5.1.2.6  recent  gross  hemoptysis  re- 
lated to  recent  lung  carcinoma  treated 
surgically  or  with  radiation  therapy'"* 

5.1.2.7  uncontrolled  airway  at  risk 
for  aspiration  (lube  feeding  or  recent 
meal) 

5.1.3  Reverse  Trendelenburg  is  contra- 
indicated  in  the  presence  of  hypotension 
or  vasoactive  medication 
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5.2     External  Manipulatu)n  ot  ihc  Thorax 
In  addition  to  contraindications  previously  list- 
ed 

5.2.1  subcutaneous  emphysema 

5.2.2  recent  epidural  spinal  infusion  or 
spinal  anesthesia 

5.2.3  recent  skin  grafts,  or  flaps,  on  the 
thorax 

5.2.4  burns,  open  v^ounds.  and  skin 
infections  of  the  thorax 

5.2.5  recently  placed  transvenous  pace- 
maker or  subcutaneous  pacemaker  (par- 
ticularly if  mechanical  devices  are  to  be 
used) 

5.2.6  suspected  pulmonary  tuberculosis 

5.2.7  lung  contusion 

5.2.8  bronchospasm 

5.2.9  osteomyelitis  of  the  ribs 

5.2.10  osteoporosis 

5.2.11  coagulopathy 

5.2.12  complaint  of  chest-wall  pain 

PDT  6.0     HAZARDS/COMPLICATIONS: 

6.1  Hypoxemia 

Action  To  Be  Taken/Possible  Intervention: 
Administer  higher  oxygen  concentrations  dur- 
ing procedure  if  potential  for  or  observed 
hypoxemia  exists.  If  patient  becomes  hypox- 
emic during  treatment,  administer  100%  oxy- 
gen, stop  therapy  immediately,  return  patient  to 
original  resting  position,  and  consult  physician. 
Ensure  adequate  ventilation.  Hypoxemia  during 
postural  drainage  may  be  avoided  in  unilateral 
lung  disease  by  placing  the  involved  lung  up- 
permost with  patient  on  his  or  her  side.-""'"*''" 

6.2  Increased  Intracranial  Pressure 

Action  To  Be  Taken/Possible  Intervention:  Stop 
therapy,  return  patient  to  original  resting  posi- 
tion, and  consult  physician. 

6.3  Acute  Hypotension  during  Procedure 
Action  To  Be  Taken/Possible  Intervention:  Stop 
therapy,  return  patient  to  original  reslmg  posi- 
tion, and  consult  physician. 

6.4  Pulmonary  Hemorrhage 

Action  To  Be  Taken/Possible  Intervention:  Stop 
therapy,  return  patient  to  original  resting  posi- 
tion,   call    physician    immediately.    Administer 


oxygen  and  nuuntain  an  auwa}  until  phssician 
respt)nds. 

6.5  Pain  or  Injury  to  Muscles,  Ribs,  or  Spine 
Action  To  Be  Taken/Possible  Intervention:  Stop 
therapy  that  appears  directly  associated  with 
pain    or    problem,    exercise    care    in    mo\ing 
patient,  and  consult  ph\  sician. 

6.6  Vomiting  and  .Aspiration 

Action  To  Be  Taken/Possible  Intervention:  Stop 
therapy,  clear  airway  and  suction  as  needed, 
administer  oxygen,  maintain  airway,  return 
patient  to  previous  resting  position,  and  contact 
physician  immediate!).. 

6.7  Bronchospasm 

Action  To  Be  Taken/Possible  Inicr\enlion:  Stop 
therapy,  return  patient  to  previous  resting  posi- 
tion, administer  or  increase  oxygen  delivery 
while  contacting  physician.  .Administer  phy- 
sician-ordered bronchodilators. 

6.8  Dysrhythmias 

.Action  To  Be  Taken/Possible  Intervention:  Stop 
therapy,  return  patient  to  previous  resting  posi- 
tion, administer  or  increase  oxygen  delivery 
while  contacting  physician. 

PDT  7.0     LIMITATIONS  OF  METHOD: 

7.1  Presumed  effectiveness  of  PDT  and  its 
application  ma_\  be  based  more  on  tradition  and 
anecdotal  report  than  on  scientific  evidence. 
The  procedure  has  been  used  excessively  and  in 
patients  in  whom  it  is  not  indicated."  "'"'''  *"' 

7.2  Airway  clearance  may  be  less  than  opti- 
mal In  patients  w  ith  ineffective  cough. 

7.3  Optimal  positioning  is  difficult  in  crit- 
ically ill  patients. 

PDT  8.0     ASSESSMENT  OF  NEED: 

The  following  should  be  assessed  together  to  estab- 
lish a  need  for  postural  drainage  therapy 

8.1  excessive  sputum  production 

8.2  effectiveness  iif  cough 

8.3  hisior\  of  pulmonaiA  pi\>blems  treated 
successfully  with  PDT  (eg,  bronchiectasis,  cys- 
tic fibrosis,  lung  abscess) 

8.4  decreased  breath  sounds  or  crackles  or 
ihonchi  suggesting  secretions  in  the  airway 

8.5  change  in  vital  signs 
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8.6  Abnormal  chest  x-ray  consistent  with  ate- 
lectasis, imiciis  plugging,  or  infiltrates 

5.7  deterioration  in  arterial  blood  gas  values 
or  oxygen  saturation 

PDT  9.0     ASSESSMENT  OF  OUTCOME: 

These  represent  individual  criteria  that  indicate  a 
positi\e  response  to  therapy  (and  support  continua- 
tion of  therapy).  Not  all  criteria  are  required  to  jus- 
tify continuation  of  therapy  (eg,  a  ventilated  patient 
may  not  ha\e  sputum  production  >  30  niL/day,  but 
have  improvement  in  breath  sounds,  chest  x-ray,  or 
increased  compliance  or  decreased  resistance). 

9.1  Change  in  sputum  production 

If  sputum  production  in  an  optimally  hydrated 
patient  is  less  than  25  mL/day  with  PDT  the 
procedure  is  not  justified.'-^^-^"  "■'-■^''■^"^''^''^' 
Some  patients  have  productive  coughs  with  spu- 
tum production  from  15  to  30  mL/day  (occa- 
sionally as  high  as  70  or  100  mL/day)  without 
postural  drainage.  If  postural  drainage  does  not 
increase  sputum  in  a  patient  who  produces  >  30 
mL/day  of  sputum  without  postural  drainage, 
the  continuation  of  the  therapy  is  not  indicated. 
Because  sputum  production  is  affected  by  sys- 
temic hydration,  apparently  ineffective  PDT 
probably  should  be  continued  for  at  least  24 
hours  after  optimal  hydration  has  been  judged 
to  be  present. 

9.2  Change  in  breath  sounds  of  lung  fields 
being  drained 

With  effective  therapy,  breath  sounds  may 
'worsen'  following  the  therapy  as  secretions 
move  into  the  larger  airways  and  increase  rhon- 
chi.  An  increase  in  adventitious  breath  sounds 
can  be  a  marked  improvement  over  absent  or 
diminished  breath  sounds.  Note  any  effect  that 
coughing  may  have  on  breath  sounds.  One  of 
the  favorable  effects  of  coughing  is  clearing  of 
adventitious  breath  sounds. 

9.3  Patient  subjective  response  to  therapy 
The  caregiver  should  ask  patient  how  he  or  she 
feels  before,  during,  and  after  therapy.  Feelings 
of  pain,  discomfort,  shortness  of  breath,  dizzi- 
ness, and  nausea  should  be  considered  in  deci- 
sions to  modify  or  stop  therapy.  Easier  clear- 
ance of  secretions   and   increased   volume   of 


secretions  during  and  after  trealiiients  support 
continuation. 

9.4  Change  in  vital  signs 

Moderate  changes  in  respiratory  rate  and/or 
pulse  rate  are  expected.  Bradycardia,  tach- 
ycardia, or  an  increase  in  irregularity  of  pulse, 
or  fall  or  dramatic  increase  in  blood  pressure 
are  indications  for  stopping  therapy. 

9.5  Change  in  chest  x-ray 

Resolution  or  improvement  of  atelectasis  may 
be  slow  or  dramatic. 

9.6  Change  in  arterial  blood  gas  values  or 
oxygen  saturation 

Oxygenation  should  improve  as  atelectasis 
resolves. 

9.7  Change  in  ventilator  variables 
Resolution  of  atelectasis  and  plugging  reduces 
resistance  and  increases  compliance. 

PDT  10.0     RESOURCES: 

10.1  Equipment 

10.1.1  bed  or  table  that  can  be  adjusted 
for  a  range  of  positions  from  Trendelen- 
burg to  Reverse  Trendelenburg  position 

10.1.2  pillows  for  supporting  patient 

10.1.3  light  towel  for  covering  area  of 
chest  during  percussion 

10.1.4  tissues  and/or  basin  for  collecting 
expectorated  sputum 

10.1.5  suction  equipment  for  patients 
unable  to  clear  secretion 

10.1.6  gloves,  goggles,  gown,  and  mask 
as  indicated  for  caregiver  protection 

10.1.7  optional:  hand-held  and  mechan- 
ical percussor  or  vibrator 

10.1.8  oxygen  delivery  device 

10.1.9  recent  chest  x-ray,  if  available 

10.1.10  stethoscope  for  auscultation 
10.2.  Personnel 

A  spectrum  of  education  and  skill  levels  is 
required  for  personnel  who  administer  postural 
drainage  therapy.  Different  clinical  situations 
warrant  the  degree  of  training  necessary  to  pro- 
vide optimal  respiratory  care. 

10.2.1.  The  Level  I  care  provider  who 
provides  routine  maintenance  therapy  to 
the  stable  patient  should  possess  the  fol- 
lowing skills  and  knowledge 

10.2.1.1     proper  technique  for  admin- 
istration of  PDT 
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10.2.1.2  proper  use  ol  cquipiiK'Ht 

10.2.1.3  breathing  patterns  and  cough 
teehniijues 

10.2.1.4  technique  modification  in  re- 
sponse to  adverse  reactions 

10.2.1.5  position  or  frequency  mod- 
il'ication  in  response  to  severity  of 
s\mptoms 

10.2.1.6  ability  to  assess  patient  con- 
dition and  patient  response  to  tiierapy 
including  physical  exam  (auscultation 
and  vital  signs)  and  tests  of  expiratory 
now  or  ventilator  mechanics 

10.2.1.7  ability  to  recognize  and 
respond  to  adverse  reactions  to  and 
complications  of  procedure 

10.2.1.8  understanding  of  and  com- 
pliance    with     Universal     Precautions 

10.2.2  For  initial  assessments  and  care 
of  the  unstable  patient,  the  Level  II  care 
provider  should  possess 

10.2.2.1  know  ledge  of  proper  use  and 
limitations  of  equipment 

10.2.2.2  ability  to  assess  patient  con- 
dition and  patient  response  to  therapy 

10.2.2.3  ability  to  perform  physical 
exam — auscultatit)n  and  vital  signs 

10.2.2.4  knowledge  of  effects  of 
gravity  and  body  position  on  ventila- 
tion, perfusion,  and  sputum  mobiliza- 
tion 

10.2.2.5  knowledge  of  procedures, 
indications,  contraindications,  and  haz- 
ards for  turning 

10.2.2.6  knowledge  of  standard 
drainage  positions,  techniques  for  per- 
cussion and  vibration,  segmental  and 
airway  anatomy 

10.2.2.7  ability  to  teach  diaphrag- 
matic breathing,  relaxation,  huff  cough, 
forced  expiration  technique  (FF.T).  suc- 
tioning 

10.2.2.8  ability  lo  monitor  effects  and 
patient  response  to  changes  in  position 
and  other  postural  drainage  therapy 
techniques 

10.2.2.9  understanding  of  and  ability 
to  comply  with  Universal  Precautions 
and  infection  control  issues  related  tt) 
cleaning  and  maintaining  equipment 


10.2.2.10  ability  to  instruct  patient/ 
family/caregiver  in  goals  of  therapy 
and  proper  technique  for  administration 
of  PDT  and  associated  therapies 

10.2.2.1 1  knowledge  of  proper  use  of 
equipment,  including  suction  if  re- 
el ui  red 

10.2.2.12  ability  to  prepare,  measure, 
and  mix  medications  if  required 

10.2.2.13  ability  to  clean  equipment 

10.2.2.14  knowledge  of  breathing 
patterns  and  cough  techniques 

10.2.2.15  abilt\  to  modif\  techniques 
in  response  to  ad\erse  reactions 

10.2.2.16  ability  to  modify  dosage  or 
trequency  in  response  to  severity  of 
symptoms 

10.2.3  The  subject  providing  self  admin- 
istration of  postural  drainage  should  pos- 
sess knowledge  and  skills  related  to 

10.2.3.1  proper  technique  for  admin- 
istration 

10.2.3.2  proper  use  of  equipment 

10.2.3.3  breathing  patterns  and  cough 
techniques 

10.2.3.4  technique  modification  m  re- 
sponse to  ad\crse  reactions 

10.2.3.5  position  or  frequenc\'  mod- 
itication  in  response  to  se\erit\  of 
symptoms 

PDTII.O     MONITORING: 

The  following  should  be  chosen  as  appropriate  for 
monitoring  a  patient's  response  to  postural  drain- 
age thcrap\ .  before,  during,  and  after  therapy. 

11.1  Subjective  response — pain,  discomfort, 
tlyspnea.  response  to  therapx 

11.2  Pulse  rate,  dysrhythmia,  and  F^KG  if 
available 

11.3  Breathing  pattern  and  rate,  symmetrical 
chest  expansion,  synchronous  thoracoabdom- 
inal nunemeni.  Hail  chest 

1 1.4  .Sputum  production  (quantity,  color,  con- 
sistency, odor)  and  cough  effectiveness 

11.5  Mental  function 

11.6  Skin  color 

11.7  Breath  st)unds 
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11.8  hkH)d  pressure 

11.9  Dxygen  saturation  b\  pulse  oximelr\  (it 
hypoxemia  is  suspected) 

11.10  intracranial  pressure  (ICP) 

PDT  12.0     FREQUENCY: 

The  frequencies  suggested  are  recommendations 
from  group  experience  and  apply  to  patients  in 
whom  the  therapy  is  indicated.  Careful  assessment 
and  prudent  clinical  judgment  must  be  exercised  by 
the  caregiver. 

12.1  Turning 

Ventilated  and  critically  ill  patients:  as  nec- 
essary with  goal  of  once  each  hour  or  every 
other  hour  as  tolerated,  around  the  clock.  Less 
acute  patients  should  be  turned  every  2  hours  as 
tolerated. 

12.2  Postural  Drainage  Therapv 

12.2.1  In  critical  care  patients,  including 
those  on  mechanical  ventilation,  PDT 
should  be  performed  from  every  4  to 
every  6  hours  as  indicated.  PDT  order 
should  be  re-evaluated  at  least  every  48 
hours  based  on  assessments  from  indi- 
vidual treatments. 

12.2.2  In  spontaneously  breathing  pa- 
tients, frequency  should  be  determined  by 
assessing  patient  response  to  therapy. 

12.2.3  Acute  care  patient  orders  should 
be  re-evaluated  based  on  patient  response 
to  therapy  at  least  e\ery  72  hours  or  with 
change  of  patient  status. 

12.2.4  Domiciliary  patients  should  be  re- 
evaluated every  3  months  and  with  change 
of  status. 

PDT  13.0     INFECTION  CONTROL: 

13.1  Implement  Universal  Precautions.^"* 

13.2  Observe  all  infection  control  guidelines 
posted  for  patient. 

13.3  Disinfect  all  equipment  used  between 
patients. 

Bronchial  Hygiene  Guidelines  Committee: 

Lima  Hilling  RCP  CRTT.  Chairman.  Concord  CA 

Eric  Bakow  RRT.  Pittsburg  PA 

Jim  Fink  RCP  RRT.  San  Francisco  CA 

Chris  Kelly  BS  RRT.  Oakland  CA 

Dennis  Sobiish  MA  PT.  Milwaukee  WI 

Peter  A  Southorn  MD,  Rochester  MN 


8. 

9. 

10. 

n. 

12. 
13. 


\5. 


16. 
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Douglas  B  Eden  BS  RRT.  Section  Editors 


Acute  Exacerbation  of  Asthma  with  Persistent  Cough 

Gary  Schroeder  BS  RRT 


A  23-year-old  woman  with  a  lifelong  history  of 
asthma  was  brought  to  the  emergency  room  by 
ambulance.  Over  the  preceding  month,  she  had  ex- 
perienced increasing  shortness  of  breath  and  cough 
for  which  she  had  been  treated  on  an  outpatient 
basis  with  inhaled  bronchodilator.  The  patient  re- 
ported an  emotionally  traumatic  argument  with  a 
family  member  on  the  morning  of  her  admission 
to  the  emergency  room.  Following  the  arguinent. 
she  removed  her  metered-dose  inhaler  (MDl)  from 
her  purse  and  used  it  to  relieve  the  shortness  of 
breath  and  wheezing  she  was  experiencing  as  a  result 
of  the  event.  During  examination  in  the  emergency 
room,  she  expressed  concern  that  she  had  felt  some- 
thing enter  her  airway  as  she  activated  the  MDI. 

The  patient  presented  with  persistent  coughing, 
sneezing,  and  wheezing  audible  without  the  aid  of 
a  stethoscope.  Breathing  frequency  was  20.  pulse 
I  12.  blood  pressure  90/72.  and  temperature  36.6°C. 
Ausculation  of  the  chest  revealed  bilateral  brhonchi 
and  wheezing,  more  intense  on  the  right.  On  the 
left,  the  wheezes  were  slightly  more  diininished  and 
more  prominent  on  expiration.  On  oxygen  at  .3  L/ 
min  by  nasal  cannula  her  saturation  by  pulse  oxi- 
metry (Spo,)  was  94%. 

The  patient  was  treated  with  albuterol  \ia  neb- 
ulizer with  apparent  increase  in  aeration  but 
persistence  of  the  wheezing  and  ci)ugh. 

Inspiratory  and  expiratory  chest  films  were 
obtained  (Figs.  1  &  2). 


Mr  Schroeder  is  Cliniciil  l-Alucaluui  Supervisor.  Cardiopulmo- 
nary Services.  Porter  Memorial  Hospital.  Denver.  C'oKirado. 


Fig.  1 .  Inspiratory  anteroposterior  chest  radiograph  of  23- 
year-old  woman  with  lifelong  history  of  asthma  who  was 
suspected  of  having  aspirated  something  when  she 
activated  her  IVIDI. 


Questions 

1.  Radiographic  Findings:  What  abnormalities 

appear  on  the  two  chest  films'^ 

2.  Diagnosis:  What  pathologic  processes  could 
account  for  the  clinical  and  radiologic  findings  in 
this  patient'.' 

3.  Diagnostic  Confirmation:  What  further 
diagnostic  procedures  are  indicated? 
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Fig.  2.  Anteroposterior  radiograph  of  patient  shown  in 
Figure  1,  taken  during  expiration,  suggesting  presence 
of  endobronchial  lesion  or  foreign  body  in  right  lung. 
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Answers 

1.  Radiographic  Pindinj^s:  The  inspiratory  film 
IS  ct)iiiplctcl>  noriiial.  The  cxpiratDry  tiliii  shows 
marked  volume  decrease  in  the  left  chest  with  shift 
of  heart  and  iTiediastinal  structures  to  the  left.  The 
trachea  is  deviated  to  the  left  as  well.  There  are 
no  infiltrates  or  evidence  of  pneumothorax  as  lung 
markings  can  be  seen  throughout  the  lung  fields. 

2.  Diagnosis:  The  expiratory  film  suggests  the 
presence  of  an  endobronchial  lesion  or  aspirated 
foreign  body  in  the  right  lung. 

3.  Diagnostic  Confirmation:  Flexible  fiberoptic 
bronchoscopy  is  indicated  for  differential  diagnosis 
of  endobronchial  lesion  vs  foreign-body  a.spiration. 

Discussion 

Comparison  of  inspiratory  and  expiratory  films 
may  be  useful  for  establishing  a  diagnosis  when 
endobrt>nchial  obstruction  is  suspected  or  when  a 
pneumothorax  is  suspected  but  cannot  be  identified 
on  the  inspiratory  film.  The  expiratory  phase  ac- 
centuates the  pneumothorax  because  of  the  loss  of 
subatmospheric  pleural  pressure'  and  may  assist  in 
the  identification  of  a  small  pneumothorax. 

In  our  patient,  the  minimal  volume  loss  in  the 
right  lung  on  the  expiratory  film,  with  concomitant 
shifting  of  mediastinal  structures  to  the  left,  is 
indicative  of  air  trapping  on  the  right.  This  pheno- 
menon is  consistent  with  what  has  been  described 
as  a  check-valve  or  ball-valve  obstruction.-''  Pos- 
sible causes  of  this  type  of  obstruction  are  an 
endobronchial  lesion  or  foreign-body  aspiration, 
either  of  which  may  result  in  localized  partial  ob- 
struction.-* Our  patient's  month-long  history  of 
cough  and  wheezing  could  be  the  result  of  an 
existing  bronchial  tumor.^  A  persistent  cough  with 
clinical  evidence  of  possible  endobronciiial  lesion 
t)r  foreign-body  aspiration  is  an  indication  for 
fiberoptic  bronchoscopy.^ 

Foreign-body  aspiration  associated  v\ith  the  use 
of  MDl  has  been  described  in  the  literature.^  '-  and 


the  described  aspirated  objects  include  pennies, 
dimes,  a  tetracycline  capsule  fragment,  and  the  cap 
ofanMDI. 

Bronchoscop)  u  as  pertormed  on  this  patient.  \\  ith 
the  bronchoscope  being  passed  down  to  the  right- 
lower-lobe  orifice.  A  foreign  body  was  visualized, 
and  a  foreign-body  basket-retrieval  device  was 
passed  through  the  bronchoscope.  The  foreign  body 
was  removed  without  difficulty  and  was  identified 
as  a  wadded  chewing  gum  wrapper.  approximatcl\ 
1 .5  cm  in  size,  which  apparently  had  become  lodged 
in  the  patient's  uncapped  MDl.  With  activation  of 
the  MDl.  the  gum  wrapper  was  propelled  into  the 
airway  and  aspirated  into  the  patient's  right-lower 
lobe.  The  gum  wrapper,  which  was  not  foil  but 
siher-colored  paper,  was  not  radiopaque  and. 
therefore,  was  not  visible  on  the  chest  film. 

The  patient  was  admitted  to  the  hospital  after 
the  bronchoscopy  procedure.  Her  asthma  was 
treated,  and  she  was  released  the  follow  ing  morning 
after  an  uneventful  night. 
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PFT  Corner  #43— 
Can't  Breathe  or  Won't  Breathe  Revisited 

Kenneth  J  McKay  BS  RPFT  RRT  and  Robert  D  Schreiner  MD 


The  patient,  a  46-year-old  man,  was 
being  evaluated  for  coniplainls  of  pro- 
found dyspnea  on  exertion,  debilitating 
cough,  and  the  finding  of  elevated 
hemidiaphragms  on  the  chest  radio- 
graph. Two  years  earlier,  the  patient  had 
noted  a  nonproductive  cough  and  mild 
dyspnea  on  exertion.  Physical  examina- 
tion at  that  time  had  revealed  basilar 
inspiratory  crackles,  and  chest  radio- 
graph (CXR)  had  revealed  normal  lung 
volumes,  normal  position  of  the  diaph- 
ragms, and  normal-appearing  lung 
parenchyma.  A  transpulmonary  bron- 
choscopy failed  to  re\eal  an  etiology  for 
the  lung  disease.  Open-lung  biopsy  was 
then  performed  and  yielded  a  diagnosis 
of  respirator)'  bronchiolitis,  a  disease 
characterized  by  cough,  dyspnea,  and 
marked  inflammation  of  the  terminal 
airways. 

The  patient  was  treated  with  a 
prolonged  course  of  corticosteroids, 
which  appeared  to  resolve  the  respiratory 
bronchiolitis;  however,  the  patient 
continued  to  complain  of  progressive 
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Fig.  1 .  Posteroanterlor  chest  roentgenogram  of  a  46-year-old  man  with  dyspnea 
on  exertion. 


cough  and  dyspnea  on  exertion.  Further 
evaluation  became  necessary  based  on 
tlic  subjective  complaints  in  the  setting 
of  what  should  have  been  curative 
therapy  for  his  inflammatory  lung 
disease. 

On  current  examination,  the  patient 
was  noted  to  be  obese  with  a  rapid, 
shallow  breathing  pattem.  Results  of 
palpation,  percussion,  and  auscultation 
of  the  chest  were  normal.  His  CXR  is 
provided  in  Figure  1 .  The  results  of  the 
pulmonary  function  tests  and  the 
pressure- volume  (PV)  curve  are  shown 
in  Table  1  and  Figures  2  and  3. 


Question.s 

1.  How  do  you  interpret  the  results 
of  these  physiologic  studies? 

2.  Is  further  physiologic  testing 
necessary? 

3.  How  do  you  interpret  the  exercise 
study? 

4.  How  do  you  explain  the  discor- 
dance between  subjective  complaints 
of  respiratory  dysfunction  and  results 
of  objective  testing  indicating  physi- 
ologic normality? 

Answers  and  Discussion 
on  Next  Page 
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Tabic  I.  Results  of  PuImonar\'  Function  Tests  Administered  to  a  46- Year-Old  Obese 
Man  Complaining  of  Profound  Dyspnea  on  lixcrtion* 


Variable 


Before 
Bronchodilator 


After 
Bronchixlilator 


TLC  (L) 

RV(L) 

TGV  (L) 

FVC(L) 

FEV,  (L) 

FEV|/FVC  (%) 

R^^CcrnHjOsL  ') 

SG^>,  (scni  H:0  ') 

Dlco  (fnL  torrniin  ') 

Va  btps  (L) 

P,„„  (cm  H,0)t 
Pf„„  (cm  H,0) 


3.30 

(56)t 

3.18 

(54) 

l.-U 

(107) 

1.41 

(104) 

1.91 

(57) 

2.13 

(63) 

1.67 

(-37) 

1.77 

( 39 ) 

1.44 

(43) 

1.24 

(.37) 

85 

69 

1.88 

(1  1  1  1 

2.17 

(128) 

0.19 

(106) 

0.25 

(139) 

20.45 

(65) 

3.59 

5.69 

(110) 

47 

(80-168) 

80 

(149-317) 

FLOW 

(t7sec)    0 


*The  technician  commented  on  poor  patient  effort  and  poor  test  reproducibility,  with 

good  panting  technique. 
t  Values  in  parentheses  are  percent  of  predicted.'  ' 
tPi,^  =  maximum  inspiratory  pressure:  ?£„„  =  maximum  expiratory  pressure. 


PFT  Interpretation:  Although  mea- 
surement.s  of  total  lung  capacity 
(TLC)  and  residual  volume  (RV)  are 
effort  dependent,  thoracic  gas  volume 
(TGV)  determination  i.s  not.  This  pa- 
tient's reduction  in  TGV'-'  (Table  I ) 
is  probably  due  to  a  combination  of 
factors:  chest-wall  restriction  (chest- 
wall  obesity)-'  and  micro-  and  macro- 
ateiectasis  from  longstanding  shallow 
tidal  breathing.^  Although  some  de- 
gree of  parenchymal  disease  would 
ha\c  to  be  considered  as  a  possible 
cause  of  reduced  lung  \olumes  in  any 
patient  with  a  lOV  reduced  to  the 
degree  seen  in  this  patient,  this  pos- 
sibility was  excluded  on  clinical 
grounils  that  included  results  of  a 
high-resolution  computed  tomo- 
graphy scan  of  the  chest. 

AirOow  is  normal,  based  on  mea- 
surements of  airu  ays  resistance  ( R^ ), 
specific  conductance  (.sG^^^)-  ''"tl  t'l*^ 
ratio  of  the  forced  expiratory  volume 
in  the  first  second  to  forced  vital 
capacity  (FEV|/FVC).  The  uncorrect- 


VOLUME  (liters) 


Fig.  2.  Flow-volume  loops  at  absolute 
lung  volume,  obtained  before  and  after 
bronchodilator,  in  46-year-old  man 
with  dyspnea  on  exertion. 

Answers  and  Discu.ssion 

Test  Interpretation 

.Adequacy  of  Test:  As  vs  ith  any  diag- 
nostic study,  attention  should  first  be 
directed  to  the  technical  adequacy  of 
the  test.  In  this  case,  the  technician 
had  commented  that  the  subject  had 
made  a  poor  effort  and  test  reproduc- 
ibility was  poor.  This  makes  defin- 
itive interpretation  tlifficiilt. 


ed  single-breath  diffusion  capacity 
(Dlco-sh)  is  reduced  as  a  function 
of  decreased  lung  volumes.  When 
D|.(().s«i  is  corrected  for  alveolar 
voluine  (Dlco-^i/^).  diffusion  is  nor- 
mal. This  v\(iuld  argue  against  impor- 
tant parenchymal  disease.  There  is  a 
discrepancy  between  the  value  for 
TLC  and  the  \alue  for  alveolar  vol- 
ume (Vx)  measured  during  the  DLco->b 
procedure.  Because  \^  =  TLC -dead- 
space  volume,  the  patient's  V^  in  this 
case  should  be  less  than  3.30  L.  How- 
ever. \^  was  found  to  be  3.59  L  \\  hen 
measured,  suggesting  that  the  patient 
took  a  deeper  breath  during  the  single- 
breath  Dlo)  procedure  or  that  a 
technical  error  had  occurred.  Close 
examination  of  the  D[  ^o  sh  'est 
revealed  that  four  trials  had  been 
performed  with  good  reproducibility 
(ie.±3  mL  torr  min  ')  and  the  in- 
spired voluTiie  ranged  from  1.71  to 
2.10  L.  This  is  in  contrast  to  the  largest 
FVC  of  1.67  L  and  a  slow  \ital  capa- 
city of  1 .86  L.  Therefore,  it  is  unlikely 
that  a  technical  error  occurred,  and 
it  appears  that  the  discrepancy 
between  Vv  and  TLC  is  best  explained 
by  variable  patient  effort. 

The  inspiratory  and  expiratory 
muscle  forces  were  markedly  reduced 
suggesting  either  poor  effort  or  muscle 
dysfunction.  The  technican's  com- 
ments favor  the  foniier  explanation. 

Pressure-Volume   Curve:   The   PV 

curve  (Fig.  3)  has  a  normal  shape  and 
is  shifted  downv/ard,  suggesting 
chest-wall  restriction  (obesity)  and 
poor  effort.  Further,  the  shortened 
length  of  the  curve  suggests  the  pa- 
tient max  not  ha\o  inspired  to  true 
TLC. 

Id  summary,  this  patient's  PFTs 
suggest  (1) chest-wall  restriction  (obe- 
sity), (2)  reduced  lung  \olumcs  most 
likely  caused  by  micro-  and  macro- 
atelectasis  from  longstanding  shallow 
titlal  breathing,  and  (3)  poor  effort  or 
respirator)  muscle  dysfunction. 
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Further  Testing 

In  light  1)1' ihc  clinical  suspicion  thai 
poor  effort  was  the  explanation  for 
the  abnormal  values  reported  during 
pulnioiiar\  funclion  testing,  and  to 
further  evaluate  the  dyspnea  on 
exertion,  bicycle-ergometry  exercise 
testing  was  ordered  (I'able  2)/'  In 
addition,  formal  diaphragmatic  test- 
ing w  ith  transdiaphragmatic  intraeso- 
phageal  balloon  placement  was  antici- 
pated to  be  useful  in  this  setting.^ 


r 


_L 


J 


+20  0  -20  -40 

Transpulmonary  Pressure  (cmH20) 

Fig.  3.  Pressure-volume  curve 
obtained  before  bronchodilator  admin- 
istration in  46-year-oid  man  with 
dyspnea  on  exertion.  Transpulmonary 
pressure  obtained  with  an  esophageal 
balloon  is  plotted  against  %predicted 
total  lung  capacity  (TLC).  The  stippled 
area,  or  "normal  envelope,"  defines 
normal  value. 

Exercise  Study  Results:  As  pres- 
ented in  Table  2,  by  achieving  91% 
of  predicted  maximum  work  load  and 
97%  of  predicted  maximum  oxygen 
uptake  (Vo,niax)-  'his  patient  by  def- 
inition has  normal  exercise  tolerance. 
At  maximum  exercise,  he  more  than 
triples  his  resting  tidal  volume  (V,), 
showing  normal  recruitment  of  V,. 
Note  that  this  patient's  V ,  at  maximum 
exercise  is  28%  larger  than  the  resting 
V\Q.  In  addition,  it  is  known  that  at 
maximum  exercise  a  subject's  V, 
reaches  approximately  60%  of  the  vital 
capacity  ( VC).**"  It  is  therefore  possible 
to  estimate  this  patient's  VC  to  be  about 
3.57  L  (Vj  at  maximal  exercise/0.6), 
which  would  be  78%  of  the  patient's 


predicted  VC".  I'his  estimated  VC 
would  be  more  consistent  with  the  PFT 
interjiretation.  which  attributes  the  low 
TGV  to  chest- wall  restriction  caused 
by  obesity  and  to  micro-  and  macroate- 
lectasis.  The  dead-space-to-tidal- 
\olume  ratio  (Vi^/Vi)  falls  with  exer- 
cise; he  achieves  a  maximal  minute 
volume  (%^  well  above  the  ventilatory 
ceiling  predicted  by  FEV,  and  MVV 
(maximal  voluntary  ventilation). 

Gas  exchange  is  nonnal  at  rest  and 
exercise.  His  P^o,  fiiH-'^  appropriately 
with  exercise  and  his  P(A-a)0,  rises 
within  nonnal  limits.  He  achieves  his 
anaerobic  threshold  within  the  normal 
range  of  predicted  maximal  Vq,. 

Because  the  V,  during  exercise  is 
2.14  L,  which  yields  an  estimated  VC 
of  3..'i7  L,  this  patient's  exercise  phy- 
siology data  proves  that  most  (if  not 


Table  2.  Results  of  a  Graded  Exercise 
Test  Performed  by  a  46- Year- 
Old  Man  Complaining  of  Dys- 
pnea on  Exertion 


Maximum 

Variable 

Baseline 

Exercise 

Work  load 

(watts) 

0 

160(91)* 

Vc), 

(niL/min) 

405 

2185  (97) 

R 

0.86 

1.16 

\  (L/min) 

17.9 

102.8(139) 

f 

30 

48 

V,  (mL) 

600 

2140 

V|/V,(%) 

29.0 

24.0 

HR 

11,^ 

176(98) 

•Systolic  BP 

(mm  Hg) 

154 

222(116) 

Sao,  (%) 

92 

91 

PaO,  (t<"T) 

66 

71 

PaCO,  (torr) 

.34 

31 

P(A-a)0, 

dorr) 

18 

23 

pH 

7.42 

7.31 

MVV 

(L/min) 

40 

*  Values  in 

parentheses 

are   percent  of 

predicted.'' 

all)  of  the  abnormal  sallies  in  his 
results  relate  to  his  unwillingness  to 
inspire  fully. 

Diaphragimttic  Function:  Many 
techniques  are  used  to  measure  res- 
piratory muscle  function.^'"'  In  this 
patient,  transdiaphragmatic  pressure 
(Pji),  which  measures  the  function  of 
the  diaphragm,  was  assessed.  (Results 
are  shown  in  Table  3.'")  The  proce- 
dure uses  two  narrow  catheters  with 
latex  balloons  at  the  distal  tip.  Each 
catheter/balloon  is  passed  via  the  nose 
to  the  esophagus.  One  catheter/bal- 
loon remains  in  the  esophagus  (above 
the  diaphragm),  while  the  second  is 
passed  to  the  stomach  (below  the  dia- 
phragm). The  patient  is  then  in- 
structed to  inspire  maximally  from 
functional  residual  capacity  (FRC) 
against  a  closed  valve  (Muller  ma- 
neuver). During  this  maneuver,  the 
diaphragm  normally  contracts  and 
descends  causing  the  pressure  in  the 
stomach  (?„_,)  to  rise  and  the  pressure 
in  the  esophagus  (P^.J  to  drop.  Pj,  is 
therefore  calculated  by  taking  the 
difference  between  these  two  pres- 
sures (Pjj  =  P„j  -  P^,,).  This  patient's 
Pjj  was  98  cm  HiO,  which  is  within 
normal  limits.'" 

Outcome:  The  cause  of  this  man's 
complaints  of  persistent  continuous 
cough  and  profound  dyspnea  on  ex- 
ertion were  functional  (psychogenic). 
Formal  psychological  evaluation  dis- 
closed an  abnormal,  complex  family 
dynamic  in  which  the  patient's  fabri- 
cated disability  fostered  marital  de- 
pendency that  in  turn  kept  the  family 
functioning  together  as  a  unit.  The 
patient  was  entered  into  aggressive 
psychotherapy.  In  addition,  speech 
therapy  was  prescribed  in  an  attempt 
to  change  the  patient's  shallow,  rapid 
breathing.  These  interventions  were 
successful  over  time,  and  all  of  the 
patient's  symptoms  have  resolved 
completely.  He  no  longer  coughs;  he 
now  has  normal  exercise  tolerance; 
and  once  again  he  functions  normally. 
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Table  3.  Test  of  Diaphragmatic  Function 
with  Pressures  Recorded  during  a 
Maximum  Inspiratory  Effort  from 
Functional  Residual  Capacity 
(FRO  against  an  Occluded  V;il\e 
(Miiller  Maneuver) 

Pressure       Normal  Range    Observed 
Measurement      (cm  H^O)'"      (cm  H^O) 


p  * 


Pdi 


-2  to  76 

28 

69  to -104 

-70 

91  to  145 

98 

*Pj3  =  gastric  pressure;  P,,,  =  esophageal 
pressure:  Pj|  =  transdiaphragmatic  pres- 
sure (P^^-Pe  J. 

In  Conclusion 

In  the  first  ■'Can"!  Breathe  or 
Won't  Breathe."'  the  patient  was 
observed  to  ha\e  ciiaphragni  paralysis 
and,  consequently,  was  appropriately 
placed  in  the  '"can't  breathe""  cate- 
gory. In  the  current  case,  the  patient 
was  found  to  have  a  psychological 
disorder.  Our  patient  could  breathe 
but  wouldn't. 

This  case  illustrates  some  impor- 
tant points:  ( I )  Interpretation  of  pul- 
monary function  data  can  be  mis- 
leading if  attention  is  not  paid  H)  the 


technical  adequacy  of  the  testing.  The 
poor  reproducibility,  poor  effort, 
volume  discrepancy  between  \  and 
TLC.  and  early  termination  of  the  PV 
cur\  c  lead  us  to  question  the  technical 
adequacy  of  this  test.  (2)  Transdia- 
phragmatic pressure  measurement 
can  identify  respiratory  muscle  dys- 
function. In  this  case,  it  ruled  out 
tnuscle  dysfunction  by  establishing 
the  presence  of  normal  inspiratory  and 
expiratory  pressures.  (2)  If  the  patient 
is  not  willing  to  inspire  fully  for  psy- 
chological reasons,  exercise  testing 
can  be  useful  because  it  can  force  the 
patient  to  ventilate  in  response  to  phy- 
siologic necessity.  Exercise  testing 
results,  in  conjunction  with  the  clin- 
ical data  (chest  radiograph,  pressure- 
volume  curve,  transdiaphragmatic 
pressure  measurement,  and  pulmo- 
nary function  tests),  can  often  differ- 
entiate between  the  patient  who  can't 
breathe  and  the  patient  who  won't 
breathe. 
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Medical  Informatics:  Computer 
.Applications   in    Health    Care,    by 

Edward  H  Shortlifte  MD  PhD  and 
Leslie  E  Perreault  MS,  editors:  and 
Lawrence  M  Pagan  MD  PhD  and  Gio 
Wiederhold  PhD,  associate  editors. 
with  28  contributors.  Hardcover,  7 1  ."i 
pages,  illustrated.  Reading  MA: 
Addison-Wesley  Publishing  Com- 
pany. 1990.  $45.00. 

This  textbook  may  well  come  to 
be  considered  the  seminal  textbook 
of  the  emerging  specialty  of  medical 
informatics.  It  has,  in  fact,  been  re- 
ferred to  by  other  reviewers  as  nearly 
legitimizing  the  very  existence  of  the 
field.  While  that  gasconade  is  prob- 
ably somewhat  overstated,  the  book 
does  provide  an  all-inclusive  repos- 
itory of  the  essential  knowledge-base 
that  is  still  developing  into  medical 
informatics. 

The  editors'  stated  purpose  for  the 
book  "is  to  teach  concepts"  and  its 
resulting  structure  serves  that  prin- 
ciple well.  They  have  very  carefully 
crafted  this  book  so  that  a  number 
of  professionals  may  benefit  from  it — 
physicians  and  other  health-care 
professionals,  statisticians,  library 
and  information  specialists,  educa- 
tors, and  computer  specialists — 
something  that  has  been  needed  for 
a  long  time.  A  basic  tutorial  of  nearly 
200  pages  defines  medical  infor- 
matics and  serves  to  put  a  diverse 
readership  on  an  even  footing,  before 
progressing  to  the  specifics  of  medical 
computing.  For  example,  the  scope 
of  the  introductory  text  covers  topics 
ranging  from  Bayes"  Theorem  to  the 
OSI  (Open  Systems  Interconnection) 
Reference  Model. 

Chapters  6-18,  Section  II,  are 
dedicated  to  more  specific  informa- 
tion on  medical  applications.  Se\eral 
of  the  chapters  in  the  applications 
section  are  of  interest  to  the  respi- 
ratory care  practitioner.  Medical  rec- 
ord systems  are  examined  from  the 


standpoint  of  allied  health  pro- 
fessionals as  information  managers: 
different  methods  of  acquiring  and 
representing  data  are  discussed.  Res- 
piratory care  has  seen  an  increase  in 
the  use  of  computerized  recordkeep- 
ing for  the  three  purposes  defined  by 
Weed:'  patient  care,  financial/legal 
record,  and  clinical  research.  This 
section  sheds  some  light  on  the 
reasoning  behind  the  construction  of 
current  systems. 

In  Chapter  8  nursing  information 
systems  are  discussed  in  terms  broad 
enough  to  make  the  information 
useful  for  all  allied  health  profes- 
sionals who  provide  patient  care.  A 
useful  algorithm  is  presented  that  can 
be  implemented  by  many  groups,  a 
deterministic  method  of  developing 
care  plans  that  can  assist  in  evaluating 
care.  The  administrative  headaches  of 
staffing  a  nursing  unit  with  skill  levels 
ranging  from  aides  to  persons  with 
postgraduate  degrees  closely  mirror 
those  found  in  many  cardiopulmonary 
departments.  Reasons  for  a  compu- 
ter's inability  to  solve  this  problem 
are  presented  as  are  suggestions  for 
solutions. 

Chapter  12  has  the  most  potential 
interest  for  respiratory  care  practi- 
tioners, "Patient-Monitoring  Sys- 
tems." Unfortunately  it  only  whets 
the  reader's  appetite — providing 
background  information  as  is  found 
in  the  other  chapters  but,  due  to  its 
diverse  intended  audience,  ending  just 
when  the  reader's  interest  is  piqued. 

Computers  as  educational  tools  are 
discussed  in  two  chapters,  one  on 
bibliographic  retrieval  systems  and 
the  other  on  computerized  education. 
Bibliography  systems  are  essential  to 
anyone  attempting  to  keep  abreast  of 
care  and  technology  issues,  providing 
the  ability  to  find  a  small  amount  of 
relevant  information  in  the  abundance 
of  medical  literature  appearing  each 
year   (eg,    the    National    Library    of 


Medicine  database  alone  has  grown 
to  about  700  megabytes  per  year, 
which  is  roughly  the  equivalent  of 
175.000  pages  of  text).  The  various 
techniques  and  advantages  of  com- 
puterized instruction  are  presented  in 
Chapter  17,  along  with  a  cogent 
argument  for  expanding  their  use. 
Examples  of  several  good,  interactive 
training  programs  are  shown. 

One  of  the  elements  currently 
lacking  in  medical  informatics  is  a 
method  to  quickly  bring  technologic 
changes  to  the  greatest  number  of 
practitioners  in  a  palatable  format. 
The  book's  discussion  of  future  trends 
attempts  to  open  this  area  for  debate. 
The  final  section  tries  to  predict  the 
future  of  medical  informatics — 
certainly  a  difficult  undertaking  for 
the  authors,  due  to  rapid  changes 
occurring  both  in  the  computer  and 
medical  fields.  The  book's  editing 
process  was  completed  over  a  3-year 
period  (1987-1990),  during  which 
time  computing  costs  plummeted 
while  computer  and  software  power 
soared.  As  one  might  expect,  the 
future  has  caught  up  with  some  of 
the  forecasts,  especially  in  areas  of 
computer  hardware.  It  is  interesting 
to  see  how  much  technology  pro- 
gressed during  this  period. 

All  of  the  chapters  include  a  list 
of  suggested  readings  that  appear  to 
complement  the  text,  and  20  pages 
of  general  references  are  found  at  the 
end  of  the  book.  Boldface  type  is  used 
to  indicate  key  terms,  with  definitions 
included  in  a  Glossary  at  the  back 
of  the  book.  If  additional  information 
is  needed,  a  search  of  recent  papers 
written  by  any  of  the  chapter  authors 
would  provide  more  up-to-date 
references. 

Allied  health  professionals  in- 
volved in  management  (in  any  depart- 
ment) will  be  well  served  by  this  book 
because  it  provides  a  valuable  map 
to  follow  in  planning  for  implemen- 


RESPIRATORY  CARE  •  DECEMBER  "91  Vol  36  No  12 


1435 


BOOKS.  FILMS.  TAPES.  &  SOFTWARE 


tation  and  expan.sion  ut  medical 
computing  services.  Its  nearly  uni- 
versal scope  helps  reveal  interactions 
with  other  areas  of  the  health  care 
delivery  system.  This  hook  will  be 
especially  useful  to  those  managers 
who  are  just  beginning  to  examine 
their  options  in  medical  information 
systems.  Educators  will  also  benefit 
from  the  information  provided  to 
identify  effective  training  tools,  as 
distinguished  from  programs  that 
simply  reinforce  the  idea  that  learning 
is  best  accomplished  by  regurgitation 
of  isolated  facts.  It  would  also  be  a 
valuable  addition  to  any  departmental 
reference  shell. 

Steve  Nelson  MS  RRT 

Analyst  Programmer 

Mayo  Clinic 

Rochester,  Minnesota 

REFERENCES 

1.  Weed  L.  Medical  records,  medical 
education  and  patient  care:  the 
problem-orienied  record  as  a  basic 
tool.  Chicago:  Year  Book  Medical 
Publishers.  1964. 


Principles  of  Airway  Management. 

b\  Brendan  T  Finucane  MB  BCh  and 
Albert  H  Santora  MD;  edited  by 
David  T  Lowenthal  MD  PhD.  Soft- 
cover.  166  illustrations,  277  pages. 
Philadelphia:  FA  Davis  Co.  1988, 
$19.95. 

This  book  was  written  to  provide 
an  orientation  to  the  care  and  man- 
agement of  the  patient's  airway.  The 
authors.  Brendan  T  Finucane  MB 
BCh  (Professor  and  Chairman,  De- 
partment of  Anesthesiology,  Univer- 
sity of  Alberta.  Canada)  and  .Mbert 
H  Santora  MD  (Assistant  Prolessor. 
Department  of  Anesthesiology, 
Einory  University  School  of  Medi- 
cine, Associate  Chief,  Department  of 
Anesthesiology,  Grady  Memorial 
Hospital.  Atlanta),  offer  the  informa- 
tion contained  in  this  book  as  intro- 
ductory readina  for  medical  students 


prior  to  and  during  their  2-\\eek 
rotation  through  anesthesia.  This  text 
also  offers  prefatory  and  supple- 
mentary information  appropriate  for 
students  of  respiratory  care,  nurse 
anesthesia,  and  emergency  medical 
technology. 

In  an  era  of  voluminous  textbooks. 
Principles  of  .\ir\va>  Management 
is  condensed  into  a  si/.e  that  can 
readily  become  a  companion  resource 
for  the  student  gaining  proficiency  in 
principles  of  clinical  airway  manage- 
ment. This  easy-to-consult  book  pro- 
vides a  practical,  succinct  approach 
to  respiratory  management  of  the  pa- 
tient, with  emphasis  on  airway  main- 
tenance. The  book  is  filled  w  ith  illus- 
trations and  photographs  that  com- 
plement the  written  text.  Each  chapter 
contains  valuable  subject  matter  thai 
is  concisely  presented.  A  biblio- 
graphy is  provided  at  the  end  of  each 
chapter  for  the  reader  v\  ho  may  seek 
more  detailed  reading. 

Chapter  I,  entitled  '"Anatomy  ot 
the  Airway."  orients  the  learner  to 
basic  upper-airway  and  trachea 
anatomy  with  emphasis  on  the  laryn- 
geal structures.  This  condensed  re- 
view of  Gray's  Anatomy  of  the 
Human  Bctdy  is  complemented  with 
easy-lo-interpret  drawings. 

Chapter  2.  "Basic  Airway  Man- 
agement and  Cardiopulmonary  Re- 
suscitation (CPR)."  summ;ui/es  the 
.American  Heai1  Association's  guide- 
lines for  basic  cardiopulmonary 
resuscitation. 

In  Chapter  .^.  "Ainvay  Management 
Fkjuipment."  the  authors  outline  and 
briefly  describe  equipment  necessaiy 
for  basic  airway  management.  Topics 
such  as  oxygen  sources  and  airway 
suctioning  are  addressed  in  addition  to 
the  overview  of  the  standard  items  of 
airway  management  (ie.  pharyngeal 
airways,  resuscitation  bags,  masks, 
endotracheal  tubes).  Although  the 
esophageal  obturator  airway  (EOA)  is 
mentioned,  a  thorough  description  of 
its  application  is  missing:  the  reader 
unfamiliar  with  the  EOA  is  cautioned 


to  seek  a  more  complete  explanation 
of  this  device  prior  to  attempting  its 
use.  A  brief  discussion  of  oxygen 
administration  devices  suitable  for  the 
nonintubated  patient  is  also  included  in 
this  chapter.  Figure  .'^-IS  (Page  47), 
which  depicts  a  partial  rebreathing 
mask,  is  imprecisely  labeled  "Rebrea- 
thing mask  on  patient." 

Chapter  4.  "Evaluation  of  the  Air- 
way Prior  to  Intubation."  offers  prag- 
matic tips  on  airway  and  patient 
evaluation  prior  to  tracheal  intubation. 
I  tlnd  this  chapter  to  be  an  excellent 
one  on  an  aspect  of  intubation  that  is 
critical  to  an  acceptable  outcome. 
Airway  evaluation  does  not  begin  with 
the  kuyngoscope:  attention  to  details 
found  in  these  pages  can  help  those 
attempting  intubation  to  stay  out  of 
trouble  and  to  a\oid  those  all-too- 
familiar  moments  of  anguish  and  panic. 
■A  compilation  of  various  syndroines 
associated  with  difficult  airway  man- 
agement is  found  at  the  end  of  this 
chapter.  This  nice  review  is  weak  only 
in  its  use  of  several  unidentified 
abbreviations  (eg.  NB.  EACA,  PS), 
which  should  be  distinguished  at  first 
mention.  Correction  of  this  problem 
would  benefit  the  novice  reader  for 
whom  this  book  is  intended. 

"Indications  and  Prep;iration  of  the 
Patient  for  Intubation"  (Chapter  5) 
reviews  indications,  proper  route,  and 
patient  prep;iration  for  endotracheal 
intubation.  A  strong  feature  of  this 
chapter  is  its  description  of  anesthe- 
tizing the  trachea  and  upper  airway 
using  topical  application  of  anesthesia 
and  l(Kal  ner\e-block  techniques.  Fig- 
ure 5-2  ( Page  114)  and  Figure  .5-.^  ( Page 
115)  have  been  switched  and  should 
be  reversed  to  appear  with  the  proper 
legend. 

In  Chapter  6.  "Techniques  of  In- 
tubation." the  reader  is  introduced  to 
the  salient  points  of  oral,  nasal,  blind 
nasal,  and  failed  intubations.  This 
chapter  offers  clinically  pertinent 
■pearis'  that  need  to  be  intemali/ed  by 
the  beginning  intuhator.  Page  125 
describes  a  suctioning  apparatus  that 
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should  be  "capable  of  drawinj;  a  neg- 
ative pressure  of  25  cm  of  H^O."'  TTiis 
would  he  inadequate  suction  capability . 
The  amount  ot  suction  pressure  a\ ail- 
able  needs  to  be  at  least  -100  toiT  ( 1.^6 
cm  HX))  to  facilitate  secretion  removal 
from  the  oroph;ir)nx. 

Chapter  7  deals  with  the  cliniciiui's 
approach  to  the  ""DilTicult  Intubation" 
and  offers  an  o\er\iew  of  intubation 
aids,  including  the  fiberoptic  broncho- 
scope. I  find  this  chapter  to  he  useful 
for  exploring  \  iirious  approaches  to  the 
difficult  intubation;  its  structured 
approach  to  difficult  intubation  is 
carefully  descnbed.  On  Page  151.  the 
reader  is  introduced  to  the  Sanders  jet 
ventilator  and  then  incorrectly  directed 
to  Chapter  10  for  a  more  detailed 
explanation  instead  of  Chapter  9. 

Complications  of  endotracheal  intu- 
bation— during  intubation,  imme- 
diately following  intubation,  after 
extubation,  with  nasotracheal  intuba- 
tion, and  problems  associated  with 
long-term  inOibation — are  discussed  in 
Chapter  8.  The  discussion  on  postin- 
tubation  croup  advocates  "dexameth- 
asone  (2  mg  per  kg  IV)"  as  partial 
management  to  reduce  subglottic 
edema.  This  dose  is  a  generous  amount 
of  dexamethasone  that  I  believe 
represents  a  typographical  error  instead 
of  the  intended  dose  of  0.2  mg  per  kg 
I.V. 

Chapter  9,  "Surgical  Approaches  to 
Airway  Management,"  discusses 
conditions  that  may  require  surgical 
intervention  to  secure  the  airway.  Sur- 
gical approaches  discussed  include 
reu-ograde  catheter  placement,  needle 
and  incisional  cricothyroidotomy,  rigid 
bronchoscopy,  and  tracheotomy — 
procedures  for  which  the  respiratory 
therapist  would  ordinarily  not  assume 
primary  responsibility  but  during  which 
the  therapist  could  function  as  an  able 
and  knowledgeable  assistant. 

In  Chapter  1 0.  the  authors  deal  with 
considerations  rele\ant  to  "TTie  Pedi- 
atric Airway" — including  anatomical 
differences  in  the  pediatric  population, 
the  American  Heart  Association's  ba- 


sic life  support  management,  endo- 
tracheal intubation,  upper-airway  ob- 
struction, and  tracheostomy.  Table  10- 
I  has  tv\o  eiTors:  "COi  consumption" 
should  be  COi  production,  and  "Calo- 
ries (kg/hr)"  should  read  kcal/kg/hr. 

In  Chapter  II  ("Mechiuiical  Venti- 
lation. Weaning,  and  Extubation")  the 
authors  attempt  to  cover  extensive 
subject  matter  in  just  9  pages.  This 
chapter  provides  a  very  fundamental  in- 
troduction to  ventilators,  ventilator 
settings,  weaning  criteria,  extubation 
criteria,  and  ventilator  problems.  As 
with  Chapters  3-8,  Chapter  1 1  contains 
error.  Figure  1 1  - 1  incorrectly  shows  the 
Bennett  PR-2  to  be  a  pressure-cycled 
ventilator  when  it  should  be  classified 
as  a  fiow-cycled  ventilator. 

My  primary  criticism  of  this  book 
relates  to  the  typographical  and  editing 
errors,  which  are  abundant  throughout. 
Spelling  errors  are  too  numerous  to  go 
unnoticed  by  the  reader  (Page  59 
"Mcintosh":  Page  101  "Epiglotittis"; 
Pages  107  &  120  "glycopyrollate"; 
Page  138  "Endoctracheal";  Page  139 
"level"  [for  bevel];  Page  205  "169" 
|16g];  Page  220  "TEHCNIQUES"; 
Page  221  "Epiglottis"  (instead  of 
Epiglottitis];  Page  239  "bronchietasis"; 
Page  268  "defiency,"  "pulseness,"  and 
"Benzodiazaepine";  Page  269  "hypo- 
thyrodism"  and  "stenois";  Page  271 
"Epestaxis";  Pages  271  &  121  "Hof- 
fman"; Page  272  "Hypertoncicity," 
"Hypothyrodism,"  "Hypthermia," 
and  "epophageal";  Page  274  "endo- 
bronchial tubes"  [should  be  endotra- 
cheal tubes];  Page  275  "F*ulse  prox- 
imity" [Pulse  oximetryl,  "Stenois," 
and  "Subcutaneious";  and  Page  276 
"anethesia").  Reference  to  "F,,,," 
throughout  this  book  should  properly 
capitalize  the  "i."  In  this  text,  F],,,  is 
frequently  expressed  in  percentages  (as 
on  Page  99  "Fio,  =s  50'7r")  rather  than 
the  fractional  concentration  (0.50).  Also, 
consistency  is  lacking  in  the  use  of 
several  terms  (manoeuvre/maneuvers, 
stillete/stylet,  mm  Hg/torr,  glottis/ 
glottidis,  laryngeal  spasm/laryngos- 
pasm,  cc/mL,  nasal  cannula/nasal  prong, 


cricoihyrotomy /cricothyroidotomy, 
lidocaine/xylocaine,  and  phenylephrine/ 
neosynephrine).  which  might  be  taxing 
and  contusing  to  the  beginning  student. 
These  minor  nuisances  distract  from  the 
reading  but  not  from  the  lessons. 

At  SI9.95,  tins  book  is  well  worth 
the  cost  and  will  be  a  valuable  library 
addition  for  anyone  wishing  to  expand 
his  knowledge  of  airway  management. 
It  does  not  provide  an  in-depth  review 
of  airway  niiuiagement,  but  it  uas  not 
designed  as  such.  Rather,  Principles  of 
Airway  Management  is  intended  to  be 
an  introductory  guidebook  and  in  that 
capacity  it  accomplishes  what  the 
authors  intended. 

Rex  A  Marley  MS  CRNA  RRT 

Staff  Nurse  Anesthetist 

Poudre  Valley  Hospital 

Fort  Collins,  Colorado 


Clinical  Manifestations  of  Respira- 
tory Disease,  2nd  ed,  by  TeiTv  Des 
Jardins  MEd  RRT  and  edited  by 
Thomas  DeKornfeld  MD.  Illustrated, 
385  pages,  hardcover.  St  Louis; 
Mosby-Year  Book  Inc.  1990.  $34.95. 

The  author  of  the  text.  Des  Jardins, 
has  more  than  a  decade  of  experience 
in  teaching  the  subjects  of  cardiopul- 
monary anatomy  and  physiology. 
Editor  Dr  Thomas  DeKornfeld  is  well 
known  for  his  expertise  in  the  field 
of  pulmonary  medicine.  As  stated  by 
the  author.  Clinical  Manifestations 
of  Respiratory  Disease  is  designed 
primarily  for  students  interested  in 
cardiopulmonary  anatomy  and  patho- 
physiology, including,  but  not  limited 
to,  respiratory  care  practitioners, 
nurses,  and  medical  students. 

Chapter  I  introduces  the  basic  con- 
cepts associated  with  the  clinical 
manifestations  of  pulmonary  disease 
and  the  pathophysiologic  mechanisms 
responsible  for  these  changes.  Also 
included  is  a  discussion  of  chest  as- 
sessment and  its  clinical  significance 
in    relation    to    the   progression   of 
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pulmonary  disease.  Chapter  1  also  in- 
corporates 75  impressive  yet  easy  to 
comprehend  illustrations — including 
diagrams,  tables  and  drawings. 

Chapters  2  through  23  focus  on  spe- 
cific disease  entities  and  incorporate 
a  format  that  is  both  logical  and  easy 
to  understand.  In  this  second  edition, 
the  text  has  been  expanded  to  include 
chapters  on  tuberculosis,  fungal  dis- 
eases, cystic  fibrosis,  myasthenia 
gravis,  kyphosocoliosis,  pleural  effu- 
sion, croup  and  epiglottitis,  lung 
carcinomas,  bronchiectasis,  pneumo- 
coniosis, sleep  apnea  syndromes, 
IRDS,  and  the  Guillain-Barre  syn- 
drome. Each  chapter  begins  with  a 
well-constructed  and  sufficiently 
detailed  illustration  that  demonstrates 
the  anatomic  changes  that  occur  as 
a  result  of  the  disease  entity  it  covers, 
followed  by  a  discussion  of  the  eti- 
ology of  the  disease  and  an  overview 
of  the  specific  cardiopulmonary  mani- 
festations associated  with  it.  .4s  in 
Chapter  I .  the  use  of  tables,  graphs, 
and  illustrations  greatly  enhances  the 
content  of  Chapters  2-23.  Each  chap- 
ter concludes  with  a  brief  discussion 
of  both  the  medical  management  and 
therapeutic  alternatives  used  in  the 
treatment  of  respiratory  disorders  and 
with  self-assessment  questions. 
Although  of  some  value,  1  wt)iild 
prefer  a  more  detailed  discussion  of 
therapeutic  options  and  alternatives 
associated  with  each  disease  entity 
instead  of  the  self-assessment. 

An  appropriate  and  well-constructed 
glossary  and  appendix  are  found  at  the 
back  of  the  book,  which  include  sym- 
bols and  abbreviations,  pharmacolog- 
ical agents,  equations,  calculations,  and 
self-assessment  answer  ke\  s. 

I'he  second  edition  ol  Clinical 
Manit'estations  of  Respiralor\  Dis- 
ease IS  mtciulcti  to  provide  siikienls. 
practitioners,  and  educators  with  a 
useful  and  practical  text  for  the 
purpose  of  belter  understanding  car- 
diopulmonary disease.  1  believe  the 


author  and  editor  have  achieved  this 
goal — providing  the  health-care  pro- 
fessional with  an  excellent  source  of 
inlormalion  written  in  a  concise  and 
logical  way  thai  at  the  same  time 
provides  the  student  with  the  neces- 
sary fundamenials  ot  cardiopulmo- 
nary di.sea.se.  I  turiher  believe  this 
combination  will  result  in  better  care 
for  those  we  serve. 

John  .1  Komara  Jr  RRT 

Supervisor 

Respiratorv  Therapy  Section 

Pulmonary  Disease 

The  Cleveland  Clinic  Foundation 

Cleveland.  Ohio 

Pleural  Diseases.  2nd  ed,  by  Richard 

Light  MD.  Hardcover.  331  pages, 
illustrated.  Philadelphia:  Lea  and 
Febiger,  1990.  $69.50. 

Our  understanding  of  the  pleura  has 
advanced  in  several  areas  since  the  first 
edition  of  Richard  Light's  Pleural 
Diseases  (1983).  Theories  of  pleural 
fluid  synthesis  and  removal  have  been 
substantially  revised  bused  on  aiumal 
models  with  considerable  homology  lo 
the  human  system.  Experience  in  the 
management  of  malignant  pleural 
effusions  has  grown  to  include  the  use 
of  implantable  drainage  devices  con- 
necting the  pleural  and  peritoneal 
spaces.  Basic  research  has  supplied  us 
with  an  array  of  tests  of  potential 
diagnostic  uliliiv  lor  the  differentiation 
between  nialignanl.  tuberculous,  and 
oilier  cllusions.  The  second  edition  of 
Pleural  Disea.ses,  published  in  1990, 
uptlates  the  reader  in  these  and  manv 
other  area.s  with  the  same  readable. 
concise  style  appreciated  in  the  earlier 
edition. 

The  text  o|X-ns  w  ilh  a  comprehensive 
but  digestible  review  of  the  current 
understanding  ot  the  anatomy  and 
phvsiology  of  the  pleural  space.  The 
spectrum  of  radiographic  patterns  fol- 
low s.   with   an   em|ihasis  on   atvpical 


manifestations  and  guidelines  for 
further  diagnostic  evaluation.  Labora- 
torv  analysis  of  the  effusion  is  presented 
in  exhaustive  detail,  emphasizing  recent 
technologic  advances:  but  it  is  the  next 
chapter,  ■"Approach  to  the  Patient." " 
that  provides  the  mi>si  fiK'uscd.  helpful 
approach  to  the  evaluation  of  pleural 
lluid  collections.  Important  common 
categories  of  abnormality  (including 
transudative.  tuberculous,  parapneu- 
monic, and  malignant  effusions)  ;ire 
covered  in  detail.  Much  of  the  re- 
mainder of  the  text  discusses  specific 
conditions  affecting  the  pleural  space, 
including  several  topics  likely  to  be  of 
special  interest  to  the  respiratory 
therapist.  The  chapter  on  pneumothorax 
outlines  key  points  in  the  management 
approach  lo  spontaneous,  secondarv', 
and  traumatic  pneumothoraces  and  ex- 
plores the  physiology  of  tension 
pneumothorax,  the  indications  for  tube 
thoracostomy,  and  the  efficacy  of 
breathing  100C(  O,  in  increasing 
resorption  of  pleural  air.  Re-expansion 
pulmonan.  edema  and  bronchopleural 
t"isiula  (iK-casionalK  encountered  com- 
plications of  therapy)  are  also  des- 
cribed. The  final  chapter  contains  a 
well-illustrated  explanation  of  the 
pnnciples  behind  the  multichambered 
drainage  systems  for  chest  tubes,  and 
prov  ides  numerous  troubleshooting  and 
management  pearK 

Dr  Light"s  I'leurai  Diseases  is 
relevant  and  informative  reading  for 
ain  person  w  hose  clinical  responsibility 
inclutles  disorders  of  the  pleural  space. 
and  would  certainlv  he  an  excellent 
aildiiion  lo  a  respiratorv  c;ire  reference 
libraiA . 

Stephen  I*  Kantrow  MD 

fellow 

Pulmonar)'  and 

Critical  Care  Medicine 

University  of  Washington 

School  of  Medicine 

Seattle.  Washintiion 
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Letters 


ICN  Spokesmen  Emphasize 
Virazole  (Ribavirin) 
Efficacy  and  Safety 

We  would  like  to  comment  on  the 
portion  ot  the  Aerosol  Consensus 
Statement'  recently  published  in  the 
Journal  that  addresses  caregiver 
exposure  to  ribavirin  (Virazole).  We 
realize  that  the  goal  of  the  Consensus 
Conference  was  not  to  address  the 
efficacy  of  this  drug;  however, 
because  some  past  discussions  regard- 
ing alleged  caregiver  risks  have 
involved  what  we  believe  to  be 
inaccurate  assumptions,  heated  emo- 
tions, and  flawed  conclusions.-^  and 
because  Virazole  (ribavirin)  is  the 
only  drug  in  the  United  States  ap- 
proved for  the  treatment  of  potentially 
life-threatening  respiratory  syncytial 
virus  (RSV)  infections,  we  fee!  that 
a  reiteration  of  efficacy  and  safety 
data  is  warranted. 

Several  clinical  studies^  '-  have 
confirmed  that  ribavirin  is  effective 
in  the  treatment  of  infants  with  severe 
bronchiolitis  or  pneumonia  due  to 
RSV.  Over  five  million  patients 
worldwide  have  been  safely  treated 
with  no  long-term  or  irreversible 
adverse  reactions  reported. "■'■'  No 
evidence  exists  of  maternal  or  fetal 
toxicity  in  pregnant  women  who  have 
received  ribavirin.  Since  1985,  the 
United  States  Centers  for  Disease 
Control  has  used  intravenous  ribavirin 
in  pregnant  women  with  Lassa  fever 
(personal  communication,  F  Murphy, 
Director,  Center  for  Infectious  Dis- 
ease. Centers  for  Disease  Control, 
May  4,  1990).  To  date,  no  ribavirin- 
associated  fetal  toxicity  has  been 
reported. 

Researchers  at  Baylor  College  of 
Medicine  have  administered  6  grams 
of  aerosolized  ribavirin  every  day  for 
3-6   days   to    8    pregnant    women 


diagnosed  w  ith  severe  measles  pneu- 
monia, with  no  adverse  effects  froin 
riba\  irin  noted  in  mothers  or  infants 
(personal  communication.  J  Englund, 
October  1991). 

Despite  the  record  of  excellent 
tolerance  of  ribavirin  in  human 
patients,  the  possibility  of  en\iron- 
mental  exposure  to  aerosolized  riba- 
\irin  antl  the  description  of  terato- 
genic potential  in  rodent  species  have 
raised  concerns  among  health  care 
workers. 

The  health  risk  from  exposure  to 
ribavirin  aerosol  in  the  environment 
was  assessed  in  two  studies  of  health 
care  workers  administering  the 
drug.'''"'  In  those  studies,  a  single  red- 
blood-cell  sample  was  positive  to 
ribavirin  levels.  Concurrent  serum 
and  urine  samples  in  that  individual 
were  negative,  and  none  of  the  other 
individuals  had  any  drug  detected  in 
any  of  the  plasma,  erythrocyte,  or 
urine  samples.  No  symptoms  were 
reported  by  the  health  care  workers 
studied.'*' 

Based  on  this  one  positive  sample. 
Harrison  calculated  an  acceptable 
airborne  concentration  of  ribavirin  to 
be  2.7  /.ig/m^  for  an  8-hour  work 
shift."'  However,  his  calculations  are 
based  on  assumptions:  a  minute 
ventilation  of  19  L/min.  an  a\erage 
body  weight  of  58  kg,  the  retention 
of  70%  of  the  inhaled  drug,  and  the 
absorption  of  100%  of  the  retained 
drug. 

Harrison's  assumptions  have  been 
challenged.  Englund  et  al'^  have 
shown  that,  despite  delivering  aero- 
solized ribavirin  directly  into  the 
airway  via  an  endotracheal  tube,  the 
amount  absorbed  into  the  plasma 
is  <  0.2%  of  the  concentration  in  the 
respiratory  secretions.  Substituting 
the    100%    absorption    assumed    by 


Harrison  with  the  absorption  of  0.2% 
yields  an  acceptable  concentration 
500  times  the  original  estimate."* 
Further,  the  minute  volume  assump- 
tion has  also  been  challenged. 
"Unless  the  health  care  worker  is 
doing  very  unusual  activities  during 
the  shift,  it  is  probably  erroneous  to 
assume  a  volume  of  19  liters/minute; 
6  to  8  liters  is  probably  closer  to 
normal  values.""''' 

We  believe  that  Hanison's  esti- 
mates have  been  discredited  and  that 
they  have  produced  unfounded  fears 
among  health  care  workers.  The 
American  Academy  of  Pediatrics 
issued  the  following  statement  in  its 
1991  Report  of  the  Committee  on 
Infectious  Diseases:-" 

Teratogenicity  has  been  observed  in 
rodents  administered  oral  ribavirin, 
and  environmental  studies  have 
indicated  that  absorption  in  humans, 
albeit  minimal,  from  aerosol  ribavirin 
exposure  can  occur.  These  findings 
have  led  to  concern  among  hospital 
workers  about  the  safety  of  ribavirin 
and  have  led  some  hospitals  to  apply 
very  strict  precautions  in  the  use  of 
ribavirin  to  minimize  exposure  of 
health  care  workers.  Review  of  these 
findings,  however,  does  not  support 
the  need  for  such  precautions. 

...  the  lack  of  validated  reports  of 
adverse  effects  in  human  fetuses  after 
5  years  of  clinical  use  of  the  drug 
in  the  United  States  indicates  that  the 
teratogenicity  of  ribavirin  in  humans 
remains  highly  queslioiiable. 

The  Canadian  Paediatric  Society 
issued  guidelines  based  on  similar 
considerations:-' 

The  conclusion  of  the  Infectious 
Diseases  and  Immuni/.alion  Commit- 
tee concerning  occupational  expo- 
sure to  ribavirin  remains  unchanged: 
the  risk  to  hospital  personnel  caring 
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for  children  la-alcd  vulh  rib;i\irin 
aerosol  appears  to  be  negligible. 

No  special  precautions  are  indicated 
for  patients,  visitors,  or  hospital 
workers  in  the  room. 

RSV  is  a  major  cause  of  fatal 
respiratoi7  tract  disease  during  the 
first  year  of  life.--  We  believe  that 
withholding  the  only  safe  and  effec- 
tive RSV  medication  from  severely 
ill  infants  for  emotional,  economic, 
or  other  nonscientific  reasons  is 
unethical.  I'or  the  sake  of  those  infant 
patients  who  could  benefit  from 
ribavirin  therapy,  clinicians  should 
objectively  review  the  expanding 
clinical  literature  and  establish  treat- 
ment administration  guidelines  that 
accurately  reflect  the  latest  scientific 
data. 

Craig  R  Sherman  MD 

Director.  Virazolc 

Humberto  Fernandez  MI) 

Medical  Director 

ICN  Pharmaceuticals  Inc 
Costa  Mesa,  California 
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Neil  Maclntyrc  and  I'ai  lirougher 
respond: 

We  thank  Drs  Shenii;in  and  Fer- 
nandez for  their  letter  addressing  the 
efficacy  of  ribavirin:  however,  spe- 
cifics deserve  comment: 
1 .  The  goal  of  the  Aeiosol  Consensus 
Conference  was  not  to  discuss  the 
efficacy  of  specific  drugs.  The  goal 
was  to  discuss  delivery  systems, 
dosing  schedules,  and  caregiver 
protection  issues.  We  have  no  dispute 
with  their  efficacy  claims. 
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2.  We  contenil  ihal  Or  Hetty  Was- 
kin's  balanced  review'  and  the 
subsec|iiem  deliberations  were  any- 
thing but  ■heated,  flawed,  or  inac- 
curate."'  A  careful  reading  of  the 
Waskin  document  clearly  shows  that 
the  scientific  issues  were  exhaustively 
reviewed  (91  references).  The  subse- 
quent discussions  among  faculty  and 
observers  were  careful  and  deliberate 
and  the  conclusion  expressed  in  the 
Consensus  Statement-  that  "environ- 
mental exposure  constitutes  a  poten- 
tial health  risk  to  the  caregiver  ...  (but) 
insufficient  data  are  available  to 
permit  either  quantitation  of  this  risk 
or  dismissal  of  its  clinical  impor- 
tance"" is  clearly  defensible  from  the 
data.  That  conclusion  was  unanim- 
ously supported  by  the  Consensus 
Conference  Faculty. 

3.  Nothing  in  the  Consensus  State- 
ment suggests  that  the  aerosolized 
drug  be  withheld  because  of  potential 
risk  to  the  caregiver. 

4.  Given  the  potential  risk,  practical 
and  reasonable  caregiver  protection 
strategies  are  appropriate.  How  strict 
the  protection  standards  should  be  is 
not  yet  clear  from  the  ev  idence.  Indeed, 
no  maximum  allowable  level  of 
environmental  ribavirin  was  recom- 
mended by  the  Consensus  group.  The 
Conference  recommendations  are 
generally  in  accord  with  (although 
more  specific  than)  recommendations 
cited  both  in  a  recent  letter^  to 
Respir.atori  C.-\re  by  proponents  of 
ribavirin  and  the  recommendations 
advanced  by  the  Canadian  Paediatric 
Society.-* 

In  suniniary.  our  goal  was  not  to 
discuss  efficacy,  and.  again,  we  do 
not  dispute  claims  of  efficacy.  How- 
ever, we  re-emphasize  that  the 
Conference  was  indeed  scientific  and 
exhaustive,  that  our  recommendations 
are  reasonable  and  in  accord  with 
other  professional  bodies,  and  that 
until  long-term  epidemiologic  studies 
are  complete,  prudence  dictates  that 


the    caregiver    follow    the    recom- 
mended guidelines.- 

Neil  Maclntyre  MD 

Chairman 

Consensus  Conference  on 

Aerosol  Delivery 

Associate  Professor  of 

Medicine  &  Medical  Director 

of  Respiratory  Care 

Duke  University  Medical  Center 

Durham.  North  Carolina 

Pat  Brougher  RRT 

Member,  Writing  Committee 

Consensus  Conference  on 

Aerosol  Delivery 

Editor,  Respiratory  Care 

Dallas,  Texas 
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Comments  on 
Professional  Literacy 

I  would  like  to  commend  Mr 
Weilacher  for  his  editorial  on 
■"Professional  Literacy.""'  In  a 
profession  that  is  striving  to 
achieve  proper  recognition 
throughout  the  country,  it  is  sad 
to  see  that  many  practitioners 
don't  even  care  enough  to  stay 


professionally  contemporary. 
Where  will  the  future  of  our 
profession  be  when  the  majority 
of  practitioners  use  the  same 
methods  they  learned  in  school, 
some  many  years  ago?  If  we  are 
not  an  informed  group  of  people, 
how  can  we  expect  to  educate 
others  and  obtain  the  recognition 
we  deserve'?  Is  the  problem  one 
limited  to  our  profession  exclu- 
sively, or  is  it  a  symptom  of  a 
greater  disease  that  is  prevalent 
in  society — that  of  apathy?  Not 
only  are  we  cheating  ourselves 
when  we  fail  to  keep  current,  but 
we  really  cheat  the  people  we  are 
supposed  to  be  here  for — our 
patients. 

Jeffrey  R  Chinn  BS  RRT 

Administrative  Director 

Pulmonary  Services  Department 

South  Georgia  Medical  Center 

Valdosta.  Georgia 
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Improperly  Positioned 

Closed-System  Suction  Catheter 

Causes  Elevated  Peak  Inspiratory 

Airway  Pressures 

During  postoperative  mechanical 
ventilation  of  a  patient  with  ARDS 
via  a  7.3-mm  endotracheal  tube 
(ETT),  it  was  noticed  on  Postoper- 
ative Day  12  that,  although  the  pa- 
tient's condition  had  steadily  im- 
proved, peak  inspiratory  pressures 
(PIP)  abruptly  rose  from  35  to  50  cm 
H.O.  Initial  investigation  included 
questioning  of  the  attending  nurse  re- 
garding the  quantity  of  secretions, 
auscultation  of  the  chest,  and  inspec- 
tion of  the  patient's  mouth.  ETT.  and 
ventilator  circuit.  No  obvious  source 
of  the  sudden  increase  in  PIP  was 
identified,  and  a  chest  radiograph  was 
ordered. 
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When  the  patient  was  lifted  for  po- 
sitioning of  the  radiograph  plate,  it  w  as 
noticed  that  the  tip  of  the  multiple- 
use  closed-system  suction  catheter  was 
7  cm  distal  to  its  proper  resting  position 
at  the  back  of  the  T-piece  and  was 
lying  in  the  ETT.  The  catheter  was 
pulled  back  to  its  proper  ptwition.  and 
PIP  immediately  dropped  from  55  to 
34  cm  H;0.  Advancing  the  catheter  into 
the  ETT  again  reproduced  the  elevated 
PIP.  Figure  1  shows  the  correct 
position  of  a  clo.sed-system  suction 
catheter  when  not  in  use  (Point  A), 
and  its  incorrect  position  in  the  ETT 


pattern,  followed  by  percussion  and 
auscultation  of  the  chest,  inspection 
of  thoracostomy  tubes  for  mal- 
function, examination  of  the  entire 
ventilator  circuit,  and  assurance  that 
the  ventilator  is  functioning  properly. 
The  incident  reported  here  suggests 
that,  in  the  event  of  an  unexplained 
increase  in  airway  pressure,  closed- 
system  suction  catheter  displacement 
should  be  added  to  the  differential 
diagnosis. 

Many  advantages  of  the  closed- 
system  suction  catheter  have  been 
reported.  These   include  a  decrease 


Fig.  1 .  Point  A  is  where  the  tip  of  the  closed-system  multiple-use  suction  catheter 
should  lie  when  not  being  used  for  suctioning.  Point  B  is  where  the  tip  of  the 
catheter  was  left  after  suctioning,  precipitating  elevated  peak  inspiratory  airway 
pressures  in  the  incident  reported  here. 


when    elevated    PIP   was   occurring 
(Point  B). 

Precipitous  elevation  of  PIP  in  a 
mechanically  elevated  patient  neces- 
sitates immediate  evaluation.  The  dif- 
ferential diagnosis  includes  baro- 
trauma, bronchospasm,  auto-PEEP. 
coughing,  hiccuping.  secretions, 
kinking  of  the  ETT,  worsening  com- 
pliance due  to  increased  lung  water, 
and  mechanical-ventilator  malfunc- 
tion. The  search  for  causes  of  elesated 
airway  pressures  should  begin  with 
in.spection  of  the  patient's  breathing 


in  patient  anxiety,  a  decreased  incidence 
of  arrhythmias.'  maintenance  of 
oxygen  saturation'-  and  positive  end- 
expiratory  pressure  (PEEP),'-^  a  de- 
creased incidence  of  self-  and  cross- 
contaniinaiion.'  and  an  improxement 
in  patient  outcome.-*  However, 
improper  position  of  the  catheter  can 
cause  a  rise  in  PIP  secondary  to  an 
increase  in  airway  resistance  in  the 
ETT.  If  catheter  displacement  occurs 
and  is  not  detected,  unnecessary 
diagnostic  procedures  and  therapeutic 
interventions  mav  result. 


Ballard  Medical  Products  Inc 
(Midvale  UT).  manufacturer  of  the 
Trach  Care  suction  catheter  involved 
in  this  incident,  clearly  recommends 
that  the  14-French  suction  catheter  he 
used  with  an  ETT  size  7.5  mm  or 
larger.  They  also  state  that  the 
catheter  should  be  pulled  back  until 
the  black  line  on  the  catheter  is  at 
the  back  of  the  T-piece  when  suc- 
tioning has  been  completed.  Since  the 
time  of  the  reported  incident,  we  have 
found  numerous  instances  when 
these  catheters  have  been  only 
partially  pulled  back  following 
suctioning.  On  occasion,  this  has  led 
to  significant  elevations  in  PIP.  We 
suggest  that  all  ICU  staff  be  reminded 
of  the  proper  procedure  and  be 
cautioned  about  the  possible  hazard 
w  hen  it  is  not  followed. 

Christine  .\  Hamori  MD 

Department  of  Surgery 

Boston  University 

School  of  Medicine 

Boston,  Massachusetts 

John  M  OConneli  MD 

Director 

Surgical  Intensive  Care  Unit 

Lahey  Clinic  Medical  Center 

Burlington,  Massachusetts 
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Physics:  Role  of  aerosol  physics  in  asthma    36:931 
Restrictive  disease:  Patient  admitted  for  asthma  evaluation 
has    reversible    restrictive    lung    disease    (PFT   Corner) 
36:1232 
Atelectasis 
CPT's   role   in   treatment   of  atelectasis   (review)     36:270 

[ASRL]    36:1168 
Smoke-induced  atelectasis  (review)    36:1211 
Auto-PEEP 
Mean  airway  pressure  (MAP)  is  independent  of  auto-PEEP 

caused  by  alveolar  gas  trapping  (letter)    36:872 
PCIRV:  Auto-PEEP  during  PCIRV  (letter)    36:122 
PCIRV-editorial  authors  respond  to  critical  letters  (letters) 

36:122 
PCIRV-improved  oxygenation  may  be  due  to  more  than  auto- 
PEEP  (letter)    36:122 
PCIRV    or    auto-PEEP:    A    comment    based    on    clinical 

experience  (letter)    36:231 
PSV:  Effect  of  PSV  on  auto-PEEP  (report)    36:45 
Weaning:  Auto-PEEP  during  weaning  (report)    36:45 
Awards  for  Publication 
American  Respiratory  Care  Foundation  to  give  awards  for 
outstanding  papers  accepted  by  Respiratory  Care  (editorial) 
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ABBKIMATIONS,  ACRONYMS, 

&  SYMBOLS  I  SKI)  IN  1991  SIBJKC  1  INDKX 

AARC 



American  Association  for  Respiratory  Care 

ACLS 

— 

advanced  cardiac  life  support 

AIDS 

— 

acquired  immunodeficiency  syndrome 

APRV 

— 

airway  pressure-release  ventilation 

ARDS 

— 

adult  respiratory  distress  syndrome 

ASRA 

— 

also  see  related  article 

ASRL 

— 

also  see  related  Idler 

Auto-PEEP 

— 

intrinsic,  or  unintentional.  PEEP 

BPD 

— 

bronchopulmonary  d>  splasia 

C 

— 

degrees  Celsius 

CF 

— 

cystic  fibrosis 

CO 

— 

carbon  monoxide 

COPD 

— 

chronic  obstructive  pulmonary  disease 

CPAP 

— 

continuous  positive  airway  pressure 

CPT 

— 

chest  physioiherapy 

CRCE 

— 

continuing  respiratory  care  education 

DPI 

— 

dry  powder  inhaler 

ECMO 

— 

extracorporeal  membrane  oxygenation 

ET 

— 

endotracheal 

f 

— 

respiratory  rate  or  breathing  frequency 

FRC 

— 

functional  residual  capacity 

HFOV 

— 

high-frequency  oscillatory  ventilation 

HFV 

— 

high-frequency  ventilation 

HIV 

— 

human  immunodeficiency  virus 

HMD 

— 

hyaline  membrane  disea.se 

ICU 

— 

intensive  care  unit 

IPPB 

— 

intermittent  positive-pressure  breathing 

I.V. 

— 

intravenous 

MDI 

— 

metered  dose  inhaler 

MMV 

— 

mandatory  minute  volume 

MRI 

— 

magnetic  resonance  imaging 

MV 

— 

mechanical  ventilation 

NICU 

— 

neonatal  intensive  care  unit 

PCIRV 

— 

pressure-controlled  inverse-ratio 
ventilation 

Pco, 

— 

partial  pressure  of  carbon  dioxide 

PCP 

— 

Pneumocysus  curinii  pneumonia 

PEEP 

— 

positive  end-expiratory  pressure 

PEP 

— 

positive  expiratory  pressure 

PetCO, 

— 

end-tidal  carbon  dioxide  pressure 

PFT 

— 

pulmonary  function  test 

PIP 

— 

peak  inspiratory  pressure 

PtcCO, 

— 

transcutaneous  carbon  dioxide  tension 

PtcO, 

— 

transcutaneous  partial  pressure  of  oxygen 

Po,  " 

— 

partial  pressure  of  oxygen 

PSV 

— 

pressure-support  ventilation 

RC 

— 

respiratory  care 

RCP 

— 

respiratory  care  practitioner 

RDS 

— 

respiratory  distress  syndrome 

SIMV 

— 

synchronized  intermittent  mandatory 
ventilation 

SOB 

— 

short  of  breath/shortness  of  breath 

SVN 

— 

small  volume  nebulizer 

SpO; 

— 

oxygen  saturation  determined  by 
pulse  oximetry 

TYRS 

— 

"Test  Your  Radiologic  Skill"  feature 

\ 

— 

minute  ventilation 

Vt 

— 

tidal  volume 

WOB 

— 

work  of  breathing 
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Essentials  of  Pediatric  Intensive  Care    36:622 
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Handbook  of  Neonatal  Intensive  care,  3rd  edition    36:1164 
Handbook  of  Respiratory  Care    36:1 164 
Health   Measurement   Scales:   A   Practical   Guide   to  Their 
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Hyperbaric  Medicine  Procedures    36:68 
An  Introductitw  to  Clinical  Research    36:623 
The  Lung:  Scientific  Foundations.  Volumes  1  &  II    36:870 
Medical  Informatics:  Computer  Applications  in  Health  Care 

36:1435 
Pleural  Diseases.  2nd  editit)n    36:1438 
Principles  of  Airway  Management    36:1436 
Pulmonary  Rehabilitation/Homecare:  From  Paper  lo  Practice 

36:869 
Respiratory  Care  Certification  Guide    36:1243 
Respiratory    Disease    in    the    Immunocompromised    Host 

36:1244 
Resuscitation  Handbook    36:439 
Workbook  To  Accompany  Respiratory  Therapy  Equipment. 

4th  edition    36:314 
Bronchial  Hygiene:  Also  see  Chest  Physiotherapy 
Incentive  spirometry:  Clinical  Practice  Cjuidelines  by  .A.-\RC 

for  provision  of  appropriate  care    36:1402 
Positive-expiralory-pressure   mask   therapy   as   a   bronchial 

hygiene   technique   as   compared    with   other   techniques 

(review)    36:1218 
Postural  drainage  therapy:  Clinical  Practice  Guidelines  by 

AARC  for  provision  of  appropriate  care    36:1418 
Bronchial  Hyperreactivity 

Inlanls:  Bronchial  hyperreaclivily  in  infaiits    36:735 
Bronchiectasis 
CPT's  role  in  treatment  ot  bronchiectasis  (review)    36:270 

lASRLj    36:1168 
Bronchiolitis 
Bronchial  hyperreactivity  in  infants    36:735 
CPT's  role  in  treatment  of  bronchiolitis  (review)    36:270 

|ASRL|    36:1168 
Bronchodilators,   Bronchodilatation,   &    Bronchodilator 
Administration 
Adrenergic  bronchodilators:  Trends  in  drug  design  (Drug 

Capsule)    36:861 
Aerosols:   Advantages   of  aerosol   route   of  bronchodilator 

administration    36:922  (Correction    36:1210) 
Albuterol  aerosol  administration  is  followed  bv  urticaria  (case 


report)    36:357 
Albuterol  mixed  with  aminoglycoside  antibiotics  are  stable 

up  to  7  days  for  aerosol  administration  to  CF  patients 
36:1387 
Albuterol  aerosol  administration  is  followed  by  urticaria  (case 

report )    36:357 
A   bronchodilator  response   does   not   asthma   make   (PFT 

Comer)    36:53 
Cost  impact  of  .VIDI  vs  SVN  for  delivering  bronchodilators 

to  Cleveland  Clinic  inpatients    36:1099 
Delivery:  Advantages  and  disadvantages  of  aerosol-delivery 

systems    36:939 
Dosing:  Aerosol  bronchodilator  dosing  strategies    36:977 
MDIs  vs  SVN:  Cost  impact  of  delivery  of  bronchodilators 

to  adults    36:1099 
MV:   How  should  bronchodilators  be  administered  during 

MV.'    36:377  (Correction    36:764) 
Pediatric  aerosol  bronchodilator  therapy    36:994 
Response:  Patient  response  to  various  bronchodilator  delivery 

methods    36:952 
Theophvlline — A  continuing  enigma  (Drug Capsule)    36:218 
Bronchopulmunary  Dysplasia  (BPD) 
Bronchial  hyperreactivity  in  infants    36:735 
Long-term  outcome  in  BPD  as  subgroup  of  RDS     36:707 
Long-term  sequelae  of  BPD  unknown    36:489  (Correction 

36:864) 
Neonatal  BPD  therapy     36:613 
Bronchoscopy 
Left  hemithorax  opacification  after  bronchoscopic  removal 

of  foreign  body  obstructing  airway  (case  report)    36:173 
Pediatric    airway    assessment    b\    tlexible    bronchoscopy 

36:555 
Stylet  fracture:  Use  of  fiberoptic  bronchoscope  to  retrieve 

fragments    of   fractured    intubation    stylet    that    were 

compromising  airway  (case  report)    36:267 
Carbon  Dioxide  Tension  (Pco,) 
Weaning:  Hnd-tidal  Pco  ^  usefulness  in  weaning  from  MV 

follov\  ing  cardiac  surgery    36:837 
Carbon  Monoxide  Poisoning  (CO) 
CO  buildup  results  in  decrease  in  oxygen  deliver)     36:1211 
Oxygenation  of  the  carbon  monoxide-poisoned  patient  (Blood 

Gas  Corner)    36:57 
Case  Reports 
Albuterol  aerosol  inhalation  is  followed  bv  urticaria    36:357 
Intubation  stylet  fracture:  How  airway  was  compromised  & 

stvlet  retrieved    36:267 
Lett  hemithorax  opacification  after  removal  of  foreign  body 

obstructing  airway    36:173 
Catheterization,  Central  \enous  &  Heart  (Swan-Ganz) 
Misplaced    pulmonary    artery    catheter   (TYRS)     36:435 

(Correction    36:764) 
Right  hemidiaphragm  paralysis  as  a  possible  complication 

of  central  venous  catheterization  (TYRS)    36:222 
Chest  Physiotherapy  (CPT) 
Chest-wall  vibrations  effects  on  FRC  &  V,  (report)    36:45 
CFf  compared  to  PEP  mask  therapy  as  bronchial  hygiene 

technique  (review)    36:1218 
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Ordering  ot'CPT  b\  some  physicians  is  wrongly  done  (letter) 

36:1168 
Pediatric  CPT  reviewed    36:546 
Percussion's  benefits  in  CPT  (letter)    36:1168 
Review  article  on  CPT  (review  )    36:270 
Selective  \ aluc  o(  CPT  emphasized  (letter)    36: 1 168 
Chronic  Bronchitis 
CPTs  role  in  chronic  bronchitis  (review)     36:270  |ASRL| 

36:1168 
I S'^5  ad\ ice  on  chronic  bronchitis  (Historical  Notes)    36:427 
Chronic  Obstructive  Pulmonary  Disease  (COPD) 
Bronchodilator  aerosol  dosing  strategies  for  COPD    36:977 
Muscles,  venlilaton.:  Rationale  for  ventilatorv   muscle  rest 
in  COPD  patients    36:290 
Churg-Strauss  Syndrome 
Pleuntic  chest  pain  &  exertional  dyspnea  in  a  middle-aged 
smoker  =  Churg-Strauss  syndrome  (TYRSi    36:1239 
Cold,  Common 
Prevention  of  the  common  cold  b>   antiviral  agents  (Drug 
Capsule)    36:306 
Complications 
Albuterol  aerosol  administration  is  followed  bv  urticaria  (case 

report)    36:357 
Cystic    fibrosis   complications    include    pneumothorax    and 

hemoptysis    36:746 
Diaphragm:   Right  hemidiaphragm  paralysis  as  a  possible 
complication   of  central    venous   catheterization   (TYRS) 
36:222 
ECMO  complications  &  risks    36:683 
HIV-positive  patients:  Transmission  of  TB  as  complication 

36:1017 
Intubation  stylet  fracture:  How  airway  was  compromised  & 
stylet  retrieved  (ease  report)    36:267 
Compression  Volume 
Comparison  of  compression  volume  in  one  nondisposable 
&  five  disposable  adult  ventilator  circuits    36:1113 
Computers  &  Computing:  Also  see  Software  Reviews 
Interactive  videodisc  vs  ACLS  instruction  in  testing  airway 

management  skills    36:849 
Ventilators:  Do  computer-controlled  ICU  ventilators  really 
benefit  patients'    36:362  (Correction    36:764) 
Conference  &  Symposium  Proceedings 
Aerosols:    Consensus    Conference    on    Aerosol    Delivery 

36:913-1044  (Corrections    36:1210) 
MV:  Long-Term  Mechanical  Ventilation  Pan  1    36:184-216 
MV:  Long-Term  Mechanical  Ventilation  Part  II     36:288- 

304 
MV:    Triggering    and    Optimizing    Mechanical    Ventilator 
Assist — The  Second  Nagoya  Conference  (report!     36:45- 
51 
Respiratorv   Care  of  Infants  and  Children  Part  1     36:489- 

621  (36:489  Correction    36:843)  [ASRL]    36:1247 
Respiratory  Care  of  Infants  and  Children  Part  II    36:673- 

760 
"What's   New    in   Respiratory   Care" — 1990   Schering 
Symposium:  New  Horizons  in  Respiratory  Care    36:359- 
426  (Correction    36:764) 


Contamination 

Cascade    humidifier   contaminated    with    black    precipitate 
(nickel  oxide)  after  being  filled  with  normal  saline  instead 
of  water  (letter)    36:1246 
Continuous  Positive  Airway  Pressure  (CPAP) 

Apnea:  CPAP  used  to  treat  intantile  apnea  in  disorders  of 

respiratory  control  36:673 
PEP  mask  therapy  compared  to  CPAP  as  bronchial  hygiene 

technique  (review)    36:1218 
WOB   during  CPAP  &   PSV   imposed   by   new -generation 

mechanical  ventilators    36:815 
Corrections  of  Errors  in  Print 
In  36:132-133.  a  production  error  occurred.  Correction  is 

on  36:177. 
In  36:362-376.  part  of  Table  2  was  incorrect.  Correction  is 

on  36:764. 
In  36:377-394.  Fig   13  was  upside  down.  Correction  is  on 

36:764. 
In  36:435-437.  Fig  2  was  reversed.  Correction  is  on    36:764. 
In  36:489-513.  part  of  Reference  297  was  missing.  Correction 

is  on    36:843. 
In  36:514-545.  Fig  9  contained  an  error.  Correction  is  on 

36:1397 
In  36:569-595.  Fig  3  legend  was  incorrect.  Correction  is  on 

36:1247 
In  36:922-930,  Fig  5  was  incorrect.  Correction  is  on    36:1210. 
In  36:1256.  author  omitted  from  OF  abstract  title  paragraph. 

Correction  is  on    36:1397. 
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Costs.   Cost-.\nalysis,   Cost-Benefit.   Cost-Control,   Cost- 
Effectiveness 
Aerosols:  Questions  that  must  be  asked  in  1991  about  how 

cost-beneficial  aerosols  are  (editorial)    36:914 
.Aerosols  during  MV:  Cost  of  administering  bronchodilators 

during   MV   via  MDI   vs  via  SVN     36:377  (Correction 
36:764) 
Bronchodilator-delivery  de\  ice:  Cost  impact  of  MDI  vs  SVN 

for  deliv  ering  bronchodilators  to  Cleveland  Clinic  inpatients 
36:1099 
Flow-by    vs   T-piece    ventilation:    Costs    associated    with 

spontaneous  breathing  trial  prior  to  extubation    36:1119 
PEP  mask  therapy  compared  with  CP.AP  represents  cost 

savings  (review )    36:1218 
Suction  catheters:  Are  directional-tip  suction  catheters  worth 

the  money?  (letter)    36:318 
Universal    health   care   and   health-care   costs    in    .America 

36:110 
Ventilator-dependency:  Cost  of  placement  alternatives  outside 

the  ICU  for  ventilator-dependent  patients    36:199 
Ventilator   prices:    Are   costs    of  current    ICU    ventilators 

justified?    36:362  (Correction    36:764) 
Critical  Care 
Carbohydrates:  Infiuence  of  l.V.  5%  dextrose  on  carbohydrate 

intake  of  critically  ill  patients  receiving  nutritional  support 
36:1202 
Ethics:    Withholding    and    withdrawing    life    support    from 
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support  from  the  critically  ill  patient    36:417 
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Withholding  &  withdrawing  life  support  from  the  critically 
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Pentamidine    delivery:    Methods    ot    delivering    aerosol 
pentamidine  36:1026 
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Kdt'ina 

Siimke-induccd  edcm;i  leads  to  liinii  iiijui\  similar  to  ARDS 

(review)    36:1211 
Education 
Advanced  eardiac  life  support  instructor  \  s  \  idco  courseware 

for  testing  airway-intubation  skills    36:849 
Airway-intubation    skills    testing:    Comparison    of   the 

effectiveness  of  video  courseware  vs  an  ad\anced  cardiac 

life  support  instructor    36:849 
Clinical  Practice  Guidelines  by  AARC  should  yuidc  education 

&  research    36:1398 
Curricula:  Attitudes  i<:  knowledge  of  RT  students  toward 

elderly    36:1391 
Literacy:  Education  of  respiratory  care  students  should  impart 

professional  literacy  (editorial)    36:1083 
PEP  mask  therapy:  Educating  the  patient  to  perform  PEP 

mask  therapy    36:1218 
Resuscitation   techniiiues;    Educators   urged   to   re-evaluate 

instructional    methods    used    in    teaching    resuscitation 

techniques    36:1105 
Video    courseware    \s    an    advanced    cardiac    life    support 

instructor  for  testing  airwav-intubatiim  skills    36:849 
Education,  Continuing 
CliCI'.  Ihwiii;li  Ihr  /(iiii/iiil:  A  learning  opportunity  (editorial) 

36:669 
('.l\(.E  llnaitgh  Ihr  /(iniiKtl  (test,  based  on  JuK    199()-June 

1991   issues  of  Respiratory  Cark.  as  way  for  readers  to 

earn  continuing  education  credits)    36:767 
CRCE  Ihrough  llit  /oiiniril  ■dnsv.cr  key    36:1 156 
Literacy:  Professional  literacy  makes  possible  the  continuing 

education  of  RCPs  (editorial)    36:1083 
Professional  literacy  gained  from  reading  R[:spiratorv  Carh 

(editorial)    36:1083 
Energy  Expenditure 
Influence  of  I.V.  dextrose  on  carbohydrate  intake  in  patients 

with  compromised  respiratory  ssstems    36:1202 
Equipment  &  Supplies:  Also  see  Evaluations  of  F^quipmcnt 
&  Supplies 
Advantages   &   disadvantages   of  aerosol-delivery   systems 

36:939 
Aequitron  LP-6:   Effect  of  modification  with  PHEP-valve 

placement  on  home-care  ventilator  function    36:1093 
Aerosol-therapy  devices  &  delivery  systems    36:939 
Autovent  2000:  Deviations  in  function  of  19  mechanical 

ventilators  during  hyperbaric  compression    36:803 
Babybird  ventilator:  Deviations  in  function  of  19  mechanical 

ventilators  during  hyperbaric  compression    36:803 
Ballard   closed-circuit   suction   catheter's   effectiveness   in 

secretion  removal    36:844 
BEAR  2  &  BEAR  3  ventilator  circuits  may  carry  increased 

airway  pressure  following  airway-pressure-line  disconnec- 
tion (letter)    36:132  (Correction    36:177) 
Bennett    PR-2    \enlilator:    Deviations    in    function    of    19 

mechanical    ventilators    during    hyperbaric    coinpression 
36:803 
Bio-Med    ET-3.    MVP- 10.    IC-2A.    &    P-7    ventilators: 


De\iations  in  function  ol  19  mechanical  \cntilalors  during 

h\  perbaric  compression    36:803 
Bird  Mark   10  &   14  ventilators:  Dc\iations  in  function  of 

19  mechanical  ventilators  during  hyperbaric  compression 
36:803 
Cascade    humidifier   coiuaniinaled    with    black    precipitate 

(nickel  oxide)  after  being  filled  with  normal  saline  instead 

of  water  (letter)    36:1246 
Circuit  function  &  limitations:  Ventilator  circuits  can  affect 

accuracy  of  flow  &  volume  readings  (letter)  36:629(ASRL) 
36:874 
Circuits:  Compression  volumes  of  fi\e  disposable  &  one 

nondisposable  adult  \eiUilalor  circuit    36:1113 
ColdSpor:  Clinical  e\ahiation  of  ColdSpor.  a  glutaraldehyde- 

phenolic  disinfectant    36:104 
Hamilton  Veolar  ventilator's  inspiratory  How    waveforms" 

effects  on  peak  &  mean  airway  pressures    36:347 
Hydraulic  Emerson  ventilator:  Deviations  in  function  of  19 

mechanical    ventilators    during    hyperbaric    compression 
36:803 
IMVbird  ventilator:  Deviations  in  function  of  19  mechanical 

ventilators  during  hyperbaric  compression    36:803 
Laerdal  Medical  CSU  portable  suction  system's  performance 

compared  to  that  of  two  other  systems     36:259  |ASRL| 
36:1167 
Laerdal   manual   resuscitator  adapted   for  use  during  MRI 

36:1207 
Laerdal  Medical  LSI'  portable  suction  system's  performance 

coinpared  to  that  of  two  other  systems     36:259  |ASRL| 
36:1167 
Matrx    Medical    portable    suction    system's    performance 

compared  to  that  of  two  other  systems     36:259  |ASRL| 
36:1167 
Monaghan    225    ventilator:    Deviations   in   function   of    19 

mechanical    ventilators    during    hyperbaric    compression 
36:803 
MRI    ventilation-adapted    Laerdal    manual    resuscitator 

36:1207 
Novametrix  C/D  Adaptor  use  caveats  (letter)    36:444 
Novametrix  Neonatal  C/D  Suction  Adaptor  bench  csaluation 

during  HFV    36:40 
Ohmeda  Logic  07  ventilator:  Deviations  in  function  of  19 

mechanical    ventilators    during    hyperbaric    compression 
36:803 
Omni-Vent  HBC  \entilator:   Deviations  in  function  of  19 

mechanical    \eniilators   during   hyperbaric   compression 
36:803 
Oxford  \entilator:  Deviations  in  function  of  19  mechanical 

\entilators  during  hyperbaric  compression    36:803 
Oxygen-conservers.  home  oxygen  prescriptions.  &  the  RCP's 

role    36:178  lASRLj    36:446 
Oxygen-insufflation  catheter  evaluated  as  preoxygenation 

method  during  ET  suctioning    36:1195 
Oxylog  \entilator:  Deviations  in  function  of  19  mechanical 

ventilators  during  hyperbaric  compression    36:803 
PEEP-valve  placement's  effect  on  function  of  home-care 

ventilator    36:1093 
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PEP  mask  set  up:  Theoretical  and  practical  considerations 

(review)    36:1218 
PFT:  Use  of  comparable  equipment  needed  for  comparability 

of  results  in  Pl-T  lab    36:1375 
pneuPac  Model  2  and  PNS   106  ventilators:  Deviations  in 

function  of  19  mechanical  ventilators  during  hyperbaric 

compression    36:803 
Puritan-Bennett  7200a:  Flow-bx  mode  compared  to  T-piece 

ventilation    36:1119 
Resuscitator:    Pocket    mask    vs   demand    \al\e    for   use    in 

resuscitation    36:1105 
Resuscitator.    manual:    MRI    \entilation-adapted    Laerdal 

manual  resuscitator    36:1207 
SensorMedics  31(X)  HFO\'  \cntilator:  Manufacturer  reports 

status  change  (letter)    36:1246 
Suction  adapter:  Novametrix  Neonatal  C7D  Suction  Adaptor 

bench  evaluation  during  HFV    36:40 
Suction  catheter:   Effecli\cness  of  Ballard  Trach  Care   In 

secretion  removal    36:844 
Suction  catheters:  Are  directional-tip  suction  catheters  worth 

the  money?  (letter)    36:318 
Suction  catheters:  Comparison  of  oxygenation  during  suction 

with  new   VenTech  ISC  insufflation  catheter  vs  standard 

suction  catheter  (Reg-U-Vac)    36:1195 
Suction   systems:    Performance   of  three    portable   electric 

suction  systems  compared    36:259  |ASRL|    36:1167 
Urgencybird    ventilator:    Deviations    in    function    of    19 

mechanical    ventilators    during    hyperbaric    compression 
36:803 
VenTech    ISC    insufflation    suction    catheter's    effect    on 

oxygenation  compared  with  that  of  standard  suction  catheter 

(Reg-U-Vac)    36:1195 
Ventilator:  SensorMedics  3100  HFOV  status  change  (letter) 

36:1246 
Ventilator   circuit   resistance   clarification   (letter)     36:874 

[ASRL]    36:629 
Ventilator  circuits:  Compression  solumes  of  one  nondispos- 

able  &  five  disposable  adult  ventilator  circuits     36:1113 
Ventilator  circuits'  functions  &  limitations  can  affect  accuracy 

of  flow  &  volume  readings  (letter)    36:629 
Ventilator   classification:    New    system    for    understanding 

mechanical  ventilators    36:1123 
Ventilator   design:    Design    principles    of   ventilators    and 

resultant  misunderstandings    36:569  [ASRl.]    36:1247 
Ventilator  design  &  function:  New  classification  system  for 

understanding  mechanical  ventilators    36:1123 
Ventilator  function:  Deviations  in  function  of  19  \enlilalors 

during  hyperbaric  compression    36:803 
Ventilator  modification:  Effect  of  PEEP-val\e  placement  on 

Aequitron  LP-6  home-care  ventilator    36:1093 
Ventilators:    Do  enhanced   capabilities   of  current    ICU 

ventilators   really   benefit    patients?     36:362   (Correction 
36:764) 
Ventilators,   pneumatic   pressure-cycled:    Deviations   in 

function    of   mechanical    ventilators   during    hyperbaric 

compression    36:803 
Ventilators,  pneumatic  time-cycled:  Deviations  in  function 

of  mechanical  ventilators  during  hyf>erbaric  compression 
36:803 


Ventilators,    volume-cycled:    Deviations    in    function    of 

mechanical    ventilators   during   hyperbaric   compression 
36:803 
Ethics 
Life    support:    Ethical    considerations    in    withholding    & 

withdrawing  life  support  from  the  critically  ill    36:417 
Evaluations  of  Kquipment  &  Supplies:  Also  see  Equipment 
&  Supplies 
Aequitron  LP-6  home-care  ventilator:  Effect  of  modification 

36:1093 
ColdSpor:  Clinical  evaluation  of  ColdSpor.  a  glutaraldehyde- 

phenolic  disinfectant    36:104 
Evaluating  the  S2  components  of  a  patient-ventilator  system 

is  as  important  as  evaluating  the  S20.000  components  (letter) 
36:630 
Modification    of   Aequitron    LP-6    home-care    ventilator 

36:1093 
No\ametrix  Neonatal  C/D  Suction  Adaptor  bench  evaluation 

during  HFV    36:40 
Puritan-Bennett  7200a  ventilator:  Comparison  of  flow-by 

mode  to  T-piece  ventilation  in  pre-extubation  spontaneous 

breathing  trial    36:1119 
Resuscitators    &    temperature:    10    manual    resuscitators" 

performances  evaluated  across  temperature  range  of -18°C 

to  SOX    36:161 
Secretion    removal:    Effectiveness   of   closed-circuit    vs 

conventional  catheter    36:844 
Suction  adapter:  Bench  evaluation  of  Novametrix  Neonatal 

C/D  Suction  Adaptor  during  HFV    36:40 
Suction  catheter:  Evaluation  of  effectiveness  of  secretion 

removal  by  Ballard  clo.sed-circuit  suction  catheter    36:844 
Suction  systems:   Performance  of  three  portable  suctions 

systems  evaluated  &  compared    36:259  [ASRLl    36:1167 
Ventilator  circuits:  Comparison  of  compression  volumes  of 

one  nondisposable  &  five  disposable  adult  ventilator  circuits 
36:1113 
Ventilators:  Deviations  in  function  of  19  ventilators  during 

hyperbaric  compression    36:803 
Ventilators:  Effect  of  modification  of  home-care  ventilator 
36:1093 
Evaluations  of  Methods  &  Techniques 
CPT's  use  in  clinical  presence  of  respiratory  problems  such 

as   asthma,   pneumonia,   and   CF   and   following   surgery 

(review)    36:270 
Determination  of  ventilatory  reserve  in  patients  on  MV: 

Comparison  of  methods    36:1085 
End-tidal  Pco-  ">  usefulness  in  weaning  from  MV  following 

cardiac  surgery    36:837 
Flow-by  ventilation  vs  T-piece  ventilatit)n  in  spontaneous 

breathing  trial  prior  to  weaning  from  MV    36:1119 
Interactive  video  courseware  vs  ACLS  instructor  in  testing 

airwav -management  skills    36:849 
PEP  mask  therapy:  Theoretical  and  practical  considerations 

(review)    36:1218 
Preoxygenation  during  suctioning:  Oxygen  insufflation  vs 

resuscitation-bag    preoxygenation    during    FT    suctioning 
36:1195 
Resuscitation:  Comparison  of  V-f.  Vj;.  and  f  delivered  by  EMTs 
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and    RC   stiidenls    uith    pockcl    mask    \s   demand    \al\c 
36:1105 
Sputum-induction    technique    tor   diagnosing    PCP    in 
immunosuppressed  patients    36:33 
Examinations  &  Quizzes 

(./\(Ji  llii(iui;li  till-  lounKtl:  A  learning  opportunils  (editorial) 

36:669 
CRCE  through  the  Journal  (test,  based  on  Jul>    I99()-June 
1991  issues  of  RESPIRATORY  CARE,  as  way  for  readers  to 
earn  continuing  education  credits)    36:767 
CRCI'.  Ihi(iui;h  III,  jimnuil  1  answer  ke>  )    36: 1 156 
Perinatal-pediatric  specialt\  exam  inipleniented    36:489 
Extracorporeal  Membrane  Oxygenation  (ECMO) 
ECMO — past,  present,  future    36:683 

HFV:   Letterwriters  belie\e  controlled  studies  of  HFV  in 
candidates  for  ECMO  are  necessary'  (response  to  letter) 
36:1246 
Extubation  of  the  .\irway 
Prevention  of  spontaneous,  non-manual  extubation  (letter) 
36:626 
Foreign  Bodies 
Aspiration    of   foreign    body    exacerbates   asthma    (TYRS) 

36:1428 
Left  hemithorax  opacification  after  remo\  al  of  foreign  body 
obstructing  ain\a\  (case  report!    36:173 
Foster  Care 
Ventilator-dependency:  Foster  care  for  ventilator-dependent 
patients    36:199 
Guidelines.  Statements,  &  Recommendations 
Aerosol   Consensus   Statement   from   international    Aerosol 

Conference    36:916 
Clinical  Practice  Guidelines  by  AARC:  Incentive  spirometry, 
postural  drainage  therapy,  pulse  oximetry.  O;  therapy  in 
the  acute  care  hospital,  and  spirometry    36:1398 
Hazards 
Aerosol   exhaust:    Escape   of  aerosol    medication    into   the 
environment  can   be  hazardous   for  caregivers   &   others 
36:1008 
Aerosol  therapy:  Tuberculosis  transmission  is  hazard  to  HIV- 
positive  patients    36:1017 
Aspiration   of  foreign   body    complicates   asthma   (TVRSl 

36:1428 
Bear  2  &  Bear  3  ventilator  circuits  may  carry  increased 
airway  pressure  following  airway-pressure-line  disconnec- 
tion (letter)    36:132  (Correction    36:177) 
Cascade  humidifier  contaminated  b\  black  precipitate  (nickel 
oxide)  after  being  filled  uith  normal  saline  instead  of  water 
(letter)    36:1246 
Environmental  and  engineering  factors  to  control  infection 

in  aerosol  therapy    36:1017 
Global  environment  mav  be  at  hazard  from  escaped  propellant 

gases  from  MDls    36:1037 
Intubation  stylet  fracture:  How  airway  was  compromised  and 

stylet  retrieved  (case  report)    36:267 
MV:  Improperly  positioned  suction  catheter  raises  PIP  during 

MV  (letter)    36:1441 
Pentamidine  aerosol  hazards    36:1008,  36:1026 
PIP  raised  by  improperly  positioned  suction  catheter  (letter) 
36:1441 


Ouestions  about  aerosols:  The  need  to  ask  questions  in  1991 

about  hazards  of  aerosols  (edilonal  i    36:914 
Ribavirin  aerosol  hazards    36:1008.  36:1026 
Ribavirin  control:  Validation  of  control  system  for  containing 

aerosolized  ribavirin  (letter)    36:626 
Suction  catheter:  Improperly  positioned  closed-system  suction 

catheter  raises  PIP  (letter)    36:1441 
Toxicology  of  ribavirin  &  pentamidine    36:1026 
Tuberculosis  transmission  via  aerosol  therapy  as  hazard  to 

Hl\   positive  patients    36:1017 
Health-Care  Workers 
Aerosol  exhaust  hazard:  Aerosol  medication  escaping  into 

patient's   environment   can    be   hazardous   to   health-care 

workers    36:1008 
Control  system  for  ribavirin  aerosol  validated  savs  writer 

(letter)    36:626 
Exposure:  Possible  ad\  erse  effects  of  ribav  irin  &.  pentamidine 

on  health-care  workers    36:1026 
Personal    protective    devices    recommended    tor    infection 

control    36:1017 
Ribavirin  &  pentamidine  aerosols  as  hazards  to  health-care 

workers    36:1026 
Tuberculosis    transmission    to    health-care    workers   during 

aerosol  therapy    36:1017 
Health-Care  System 
Universal  health  care:  Is  it  time  for  universal  health  care 

in  America?    36:110 
High-Frequency  Ventilation  (HFV) 
ECMO:  Letterwriters  believe  controlled  studies  of  HFV  in 

candidates  for  ECMO  are  necessarv  (letter)    36:1246 
HFOV:  Recent  developments  in  HFOV  noted  by  Marketing 

Manager  of  firm  that  makes  SensorMedics  .3100  HFOV 

ventilator  (letter)    36:1246 
Neonatal  HFV's  principles  &  practices    36:596 
Novametrix  Adaptor:  Caveats  related  to  use  of  Novamelrix 

C/D  Adaptor  during  neonatal  HFV  (letter)    36:444 
Pediatric  HFVs  principles  &  practices    36:596 
Suction  adapter:  Bench  evaluation  of  Novametrix  Neonatal 

C/D  Suction  Adaptor  during  HFV    36:40 
History  of  Respiratory  Care 
Bronchitis:    1895  advice  on  hvgiene  &  chronic  bronchitis 

(Historical  Notes)    36:427 
Pregnancy:  .Advice  on  smoking  during  pregnancy  (Historical 

Notes)    36:1161 
Smoking  during  pregnancy  (Historical  Notes)    36:1161 
Tobacco   Use   in    1771.    1799.   &    1957   (Historical  Notes) 
36:1161 
Home  Care 
Bronchodilator-aminoglycoside  antibiotic  mixture  stable  for 

7   days    when    refrigerated   allows   at-home    nebulization 

therapy  for  CF  patients    36:1387 
Oxyaen-conservers   from   a   home   supplier's   perspective 

(letter)    36:446  |ASRA|    36:178 
Oxygen-conservers.  home  oxygen  prescriptions.  &  the  RCP's 

role    36:178  |ASRL]    36:446 
PEEP-valve  placement's  effect  on  function  of  home-care 

ventilator    36:1093 
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Universal  health  care  should  include  home  care    36:110 
Ventilator-dependency:  Home  care  tor  \entilalor-dependent 
patients    36:199 
Human  Immunodeficiency  Virus  (HIV) 
Hazard:  TB  transmission  during  aerosol  therapy  is  hazard 

to  HlV-posilive  patients    36:1017 
PCP  diagnosis  by  sputum  induction  m  Hl\  infected  patients 

36:33 
Sputum-induction  technique  tor  diagnosing  PCP  in   HIV- 
infected  patients    36:33 
Tuberculosis  transmission  during  aerosol  therapy  is  particular 
hazard  to  HIV-positive  patients    36:1017 
Humidity.  Humidifiers.  &  Humidification 
Cascade  huniidifier  contaminated  h>  black  precipitate  (nickel 
oxide)  after  being  filled  with  normal  saline  instead  of  water 
(letter)    36:1246 
Effect  of  humidity  on  efficiency  of  SVNs    36:952 
Problems  of  humidification  during  mechanical  ventilation 
36:569  lASRLj    36:1247 
Hyaline  Membrane  Disease  (HMD):  Also  see  Respiratory 
Distress  Syndrome 

Treatment    progress:    Twenty-five    years   ot    progress    in 
treatment  of  HMD    36:283 
Hyperbaric  Medicine 
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mechanical    ventilators    during    hyperbaric    compression 
36:803 
Mechanical  \entilators:  Characteristics  of  an  ideal  \entilator 
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Hypercapnia 
Nutrition:  Overfeeding  can  be  associated  with  h\percapnia 
(editorial)    36:1193 
Hyperoxemia 
Pulse  oximetry  to  detect  hyperoxemia  in  the  NICU  (editorial) 
36:17 
Hypnosis 
Societies:  Hypnosis  societies"  new   addresses  &  telephone 
numbers  (letter)    36:874 
Hypoventilation 
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36:431 
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Preoxygenation    to    prevent    suction-induced    hvpoxemia 

36:1195 
Suction-induced  hypoxemia;  Comparison  nl'  two  preoxyge- 
nation   methods    to    prevent    suction-induced    hypoxemia 
36:1195 
Infection  &  Infection  Control 
ColdSpor:  Clinical  evaluation  of  ColdSpor,  a  glutaraldchyde- 

phenolic  disinfectant    36:104 
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health-care  workers    36:1017 
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infected  patients    36:33 
Personal-protection  devices  recommended  to  protect  health- 
care workers    36:1017 
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Iniversal  health  care  as  a  form  of  health  insurance  in  America 
36:110 
Intermediate  Care 
Ventilator-dependency:    Intermediate   care    for   ventilator- 
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Intensive  Care  Unit 
Ventilator-dependency:  Placement  alternatives  outside  the 
ICC  lor  ventilator-dependent  patients    36:199 
Intermittent  Positive-Pressure  Breathing  (IPPB) 

Aerosol  therapy  during  IPPB    36:952 
Interstitial  Lung  Disease 
Pleural  effusion  in  long-term  coexistence  with  interstitial  lung 
disease  I  flRSi    36:310 
Intubation  of  the  Airway  :.A/io  see  Extubation  of  the  Air«a\ 
Fighting  the  ventilator:  What  should  a  clinician  do  when 

an  intubated  patient  fights  the  ventilator?    36:395 
Skills  evaluation:  Comparison  of  interacti\e  v  ideo  courseware 
and  an  advanced  cardiac  life  support  instructor  in  testing 
airway-intubation  skills    36:849 
Stylet  fracture:  Fracture  of  an  intubation  stylet,  how  airway 
was  compromised.  &  how  stylet  was  retrieved    36:267 
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Disciplinary  procedures:  State  licensing  boards  and  your  legal 

rights    36:857 
Licensing:    State    licensing    boards    and    your   legal    rights 

36:857 
Lite  support:  Judicial  decisions  in  withholding  &  w  ithdraw  ing 
life  support  in  the  critically  ill    36:417 
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Chiklhood  respiratory  trouble  &  subsequent  adult  symptoms 

36:489  (Correction    36:843 1 
Conterence  summarv     36:757 
CPT  in  pediatrics    36:546 
Cystic  fibrosis    36:746 

HFV:  Principles  &  practices  of  pediatric  Hl-V    36:596 
Left  hemithorax  opacification  after  bronchoscopic  removal 

of  endobronchial    foreign   body   obstruction   in   pediatric 

patient  (case  report )    36:173 
MRI:  Ventilation  of  pediatric  patients  by  modinctl  manual 


resuscitator  during  MRI    36:1207 
MV:  Principles  &  practices  of  pediatric  M\'    36:569  (ASRL) 

36:1247 
PtP  mask  therapy  in  children    36:1218 
Practitioners    of   adult    care:    Implications    of   pediatric 
respiratory  care  for  practitioners  of  adult  respiratorv  care 
36:489  (Correction    36:843) 
Transport:  Respiratory  care  in  transport  of  critically  ill  & 
injured  children    36:720 
Pentamidine 
Adverse  effects  in  patients  and  health-care  workers    36: 1026 
Dosing  strategy  for  delivery  to  lung  parenchyma    36:989 
Exposure:  Adverse  effects  in  patients  and  health-care  workers 

36:1026 
Hazard:    Escape    of   aerosol    into    patient    and    caregiver 

environment    36:1008 
Hazard:    Tuberculosis    transmission    during    pentamidine 

therap>     36:1017 
Pentamidine  toxicity    36:1008 
Pentamidine  toxicologv     36:1026 
Perioperative  Care 
Chest-wall  vibration's  effects  on  lung  function  after  surgerx' 

(report)    36:45 
CPT's  role  in  perioperative  care  (re\iew)    36:270  (ASRLj 

36:1168 
Diagnostic:  Massive  air  dissection  in  postoperative  pediatric 

patient  (TYRS)    36:761 
F.xtubation  trials  during  weaning  of  postsurgical  patients  from 

MV    36:1119 
Noninvasive   monitoring   during    weaning    from   MV   after 

cardiac  surgery    36:837 
PEP    mask    therapy    as    bronchial    hygiene    technique    in 

perioperative  care  (review)    36:1218 
Weaning  from  MV:   Usefulness  of  monitoring   PetcO-   i" 
weaning  following  surgerv'    36:837 
"PFT    Corner"    Feature    (brief  case    reports    involving 
pulmonary    function   tests.   «ith   questions,  answers,   \ 
discussion) 
#40 — A    bronchodilalor    respimse    does    not    asthma    make 

36:53 
#41 — Helium    l1ow-\olume    loop   in    an    asthmatic    patient 

36:1157 
#42 — Re\ersible  restrictive  lung  disease'.'    36:1232 
#43 — Can't  breathe  or  won"t  breathe  revisited    36: 1431 
Pleural  F.ffusion 
liilcrstidal  king  disease  in  long-term  coexistence  with  pleural 
effusion  (TYRS)    36:310 
Pleural  Pressure 

M\'  triggering  b\  pleural-pressure  changes  (report)     36:45 
Pneumatocele 

Hah\ .  wh\  are  you  so  tired'.'  (T^■RS )    .^6:1 16 
Pneumocystis  carinii  Pneumonia  (PCP) 
Diagnosis:  Sputum-induction  technique  for  diagnosing  PCP 

in  HIV-infected  patients    36:33 
Pentamidine  aerosol  dosing  strategies  for  PCP    36:989 
Pentamidine  aerosol  effects  &  hazards  in  treatment  of  K"P 

36:1026 
Tuberculosis  transmission  during  aerosol  ihcrapy  for  PCP 
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is  [xirlicuhir  |i;ilicm  ha/nrd    36:1017 
I'ni'unioiiu'diastinuni 
PostopcratiM"  pncumnincduistiiuini  iii  4  nlmi-hUI  iiirl  iT^'RS) 
36:761 
Pneumonia 
CPT's   rule   in   trealmtMit   of  pneumonia   (review)     36:270 
|ASRL|    36:1168 
Pneumothorax 
PusCoperalive    pneurndthorax    in    4-year-okl    nirl    (TYRS) 
36:761 
Positive  Knd-Kxpiratory  Pressure  (PKEP):  Also  see  Aulo- 
PEEP 
Hazard:  Airvvay-pressure-line  disconnection  during  PEEP  will 

increase  airway  pressure  (letter)    36:132 
Valve  placement;   Effect   of  PEEP   le\el   and   PEEP-valve 
placement  on  function  of  home-care  \entilalor     36:1093 
Positive-Expiratory-Pressure  (PEP)  Mask  Therapy 

PEP  mask  therapy  (review  )    36:1218 
Postoperative  Care:  See  Perioperative  Care 
Pregnancy 
Hazard;  Occupational  exposure  to  ribavirin  and  pentamidine 

is  hazard  during  pregnancy    36:1026 
Smoking  during  pregnancy  (Historical  Notes)    36:1161 
Preoperative  Care:  See  Perioperative  Care 
Pressure-Controlled    Inverse-Ratio    \  entilation    (PCIRN  ): 
Also  see  Auto-PEEPaHrf  Positive  End-Expiratory  Pressure 
Patient  benefit;  Does  a\ailability  of  PCIRV  mode  on  cunent 
ICU  ventilators  really  benefit  patients'    36:362  (Correction 
36:764) 
PCIRV-editorial  authors  respond  to  critical  letters  (letters) 

36:122 
PCIRV-impro\ed  oxNgcnation  may  be  due  to  more  than  auto- 

PEEP  (letter)    36:122  [ASRL]    36:319 
PCIRV    or   auto-PEEP;    A    comment    based    on    clinical 
experience  (letter)    36:231 
Pressure-Support  \  entilation  (PSV) 
Auto-PEEP;  Effect  of  PSV  on  auto-PEEP  (report)     36:45 
Patient  benefit;  Does  availability  of  PSV  mode  on  current 
ICU  ventilators  really  benefit  patients?    36:362  (Correction 
36:764) 
Muscle  load;  Titrating  PSV  to  unload  \entilalorv  muscles 

(report)    36:45 
Weaning  from  MV;  PSV's  role  in  weaning    36:407 
WOB   during  CPAP  &  PSV   imposed   by   new -generation 
ventilators    36:815 
Prevention 
Aerosol  exhaust:  Strategies  for  preventing  hazardous  aerosol 
medications  from  escaping  into  the  patient  &  caregiver's 
environment    36:1008 
Common  cold;  Antiviral  agents  tor  prevention  of  the  common 

cold  (Drug  Capsule)    36:306 

Contamination:    Preventing    contamination    of   Cascade 

humidifier  from  black  precipitate  (nickel  oxide)  after  being 

filled  with  normal  saline  instead  of  water  (letter)    36:1246 

Extubation;    Prevention    of   spontaneous,    non-manual 

endotracheal  extubation  (letter)    36:626 
PCP:    Prevention    of   PCP    with    aerosolized    pentamidine 
36:1026 


Tuberculosis;   Preventing  tuberculosis  transmission  tluring 

aerosol  therapy    36:1017 
Universal  health  care  as  pre\enti\e  health  care  m  America 
36:110 
Prot'essionalism 
Apathy;  Writer  questions  whether  practitioner  apath\   v\ill 

affect  patient  care  (letter)  36:1441 
Literacy:  Professional  literacy  as  an  important  component 

of  RCPs"  professionalism  (ediliirial)    36:1083 
Public  Health 
Aerosol   exhaust;    Escape   of  aerosol    medication    into   the 

environment   can   be   hazardous   for  caregivers   &   others 
36:1008 
Environmental  and  engineering  factors  to  control  infection 

in  aerosol  therapy    36:1017 
Exposure;  Long-term  effects  of  occupational  exposure  to 

ribavirin  and  pentamitiine  undocumented    36:1026 
Global  ensironmenl  may  be  at  risk  from  escaped  propellant 

gases  from  MDIs    36:1037 
Occupational  exposure;  Long-term  effects  of  exposure  to 

riba\irin  and  pentamidine  unknown    36:1026 
Tuberculosis:  Preventing  tuberculosis  transmission  during 

aerosol  therapy    36:1017 
Universal  health  care;  Is  it  time  for  universal  health  care 

in  America':'    36:110 
Publication 
Awards  to  be  given  by  American  Respiratory  Care  Foundation 

for  outstanding  papers  accepted  by  Respirator^'  Care 

(editorial)    36:484 
Pulmonary  Function:  Also  see  PPT  Corner  Features 
Calories;  Amount  of  I.V.  57c  dextrose  being  gisen  the  patient 

can  negatively  affect  pulmonary  function    36:1202 
Guidelines;    Clinical    Practice    Guidelines    by    AARC    for 

provision  of  spirometry    36:1414 
Interpretation    of   PF   data   requires   attention    to   technical 

adequacy  (PFT  Corner)    36:1431 
Results;    Standardization    of   techniques    and    reference 

equations  needed  for  comparability  of  results    36:1375 
Spirometry;    Clinical    Practice    Guidelines    by    AARC    for 

appropriate  use    36:1414 
Techniques:  Standardization  of  techniques,  equipment,  and 

reference  equations  is  needed  to  improve  comparability  of 

results  between  institutions    36:1375 
Pulse  Oximeters   &   Pulse  Oximetry:   See   Oximeters   & 

Oximetry 
Radiography,  Diagnostic:  Also  see  Test  \'our  Radiologic 
Skill  Feature 

Baby,  why  are  you  so  lired?  (T'^'RS)    36:116 
Blunt  trauma  in  a  child;  Radiographic  findings  (TYRS)    36:63 
Reimbursement 
Oxygen-conservers.  home  oxygen  prescriptions.  &  Medicare 

reimbursement    36:178  |ASRL|    36:446 
Research 
Attitudes  &  knowledge  ot  RT  students  toward  elderK  needs 

study    36:1391 
Clinical  Practice  Guidelines  by  AARC  should  justify  clinical 

practice    36:1398 
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Respiratory  Care 

Aerosol  therapy:  Efficacious  melhods  &  protection  necessary 

(ediloriul)    36:914 
Apnea:  Understanding  of  respiratory  control  disorders  is  basis 

for  therapy  (conference  paper)    36:673 
Clinical  Practice  Guidelines  by  AARC:  Guidelines  to  help 

RCPs  deliver  appropriate  care    36:1398 
Efficacy   of  CFI'   unsupported   (letter)     36:1168   [ASRA] 

36:270 
Transport  of  critically   ill   and   injured   infants  &   children 
36:720 
Respiratory  Care,  Clinical 
Aerosols:  Advantages  of  aerosolizaton    36:922  (Correction 

36:1210) 
Aerosols:    Hard  questions   must   be   asked   in    1991    about 

administration  of  aerosol  drugs  (editorial)    36:914 
Clinical    Practice   Cjuidelines   by   AARC    for   provision   of 

appropriate  care    36:1398 
New:  What's  new  in  respiratory  care?  (introduction  to  papers 
from  1990  Schering  Symposium)    36:359 
Respiratory  Care  Practitioners  (RCPs) 
Aerosol  medication  escaping  into  patient's  environment  can 

be  hazardous  to  RCPs    36:1008 
Conflict:  Role  conllict  and  ambiguity  among  RC  managers 

36:829 
Disciplinary    action:    Licensure   iS;   the    RCP's   legal   rights 

36:857 
Legal  rights  of  RCPs  vis-a-vis  state  licensing  boards    36:857 
Literacy:  Importance  of  professional  literacy  among  RCPs 

(editorial)    36:1083 
Managers:  Role  contlict  and  ambiguity  among  RC  managers 

36:829 
Neonatal  &  pediatric  respiratory  care:  Implications  for  RCPs 
who  practice  adult  respiratory  care     36:489  (Correction 
36:843) 
Oxygen-conservcrs,  home  oxygen  prescriptions.  &  the  RCP's 

role    36:178  I  ASRLj    36:i46 
Role   of  RCP  on   neonatal   and   pediatric   transport   teams 

36:720 
Sputum  induction  for  PCP  diagnosis  effectively  administered 

by  RCPs    36:33 
Transport:  Composition  of  transport  teams    36:720 
Respiratory  Control 

Infants:  Disorders  ol  respiratory  control  m  infants     36:673 
Respiratory  Distress  Syndrome  of  Infants  (RDS) 
ARDS:  Comparison  of  RDS  with  ARDS  (contcrcnce  paper) 

36:489  (Correction    36:843) 
Assisted  ventilation's  role  in  ARDS    36:707 
Baby,  why  are  you  so  tired?  (TYRS)    36:116 
Bronchodilators'  role  in  RDS    36:707 
ECMO  as  treatment  for  RDS    36:683 
Outcome:  Long-term  outcome  in  RDS    36:707 
Surfactant's  role  in  treatment  of  RDS    36:695,  36:707 
Treatment    progress:    Twenty-five    years    of   progress    in 
treatment  of  HMD    36:283 
Respiratory  Failure 
Nutrition:  Overfeeding  can   be  associated  vvith  respiratory 
failure  (editorial)    36:1193 


Respite  Care 

Ventilator-dependency:  Respite  care  for  ventilator-dependent 
patients    36:199 
Restrictive  Lung  Disease 

Aerosol  physics:  Role  of  aerosol  physics  in  restrictive  lung 

disease    36:931 
Reversible  restrictive  lung  disease'.'  (PFT  Comer)    36:1232 
Resuscitation  &  Resuscitation  Devices  &  Supplies 
Educators  urged  to  re-evaluate  instructional  methods  used 

in  teaching  resuscitation  techniques    36:1105 
Intubation-skills  evaluation:  Comparison  of  interactive  video 
courseware  &  an  advanced  cardiac  life  support  instructor 
in  testing  airway-intubation  skills    36:849 
Manual    resuscilator:    Use    of   modified    Laerdal    manual 
resuscitator  during  MRI  in  mechanically  ventilated  pediatric 
patients    36:1207 
Manual  resuscitators  &  temperature:  10  manual  resuscitators 

evaluated  at  temperatures  of-18°C  to  50°C    36:161 
Oxygen  enrichment  of  rescuer's  expired  gas  for  mouth-to- 

niouih  resuscitation    36:99 
Paramedic  &   respiratory  care  students"   ventilatory  skills 
compared    when    using    pocket    mask    vs   demand    valve 
36:1105 
Pocket  mask  vs  demand  valve  for  ventilation  when  used  by 

paramedic  &  respiratory  care  students    36:1105 
Temperature's  effect  on  manual  resuscitators    36:161 
Ribavirin 
Caregivers'    well-being    vs    patients'    needs    in    ribavirin 

administration  (letter)    36:41 
Compliance  with  consensus  recommendations  important  until 
long-term  efficacy  studies  performed  (response  to  letter) 
36:1439 
Control  system:  Validation  of  control  system  for  containing 

ribavirin  aerosol  (letter)    36:626 
Efficacy  &  safety  of  ribavirin  emphased  by  ICN  spokesmen 

(letter  &  response)    36:1439 
Respiratory  syncytial  virus  (RSV):  Aerosol  therapy  in  children 

36:994 
Toxicology:    Adverse  effects   of  ribavirin   in   patients  and 
health-care  workers    36:1026 
Scandinavia 

CPT  in  Scantiinav  ian  pediatrics    36:546 
Smoking 
Parental  smoking  and  childhood  respiratory  trouble    36:489 

(Correction    36:843) 
Pregnancy:   Smoking  during  pregnancy  (Historical  Notes) 

36:1161 
Tobacco   use   in    1771,    1799.   &    1957   ( Historical   Notes) 
36:1161 
Smoke  Injury 
Acute  ellecls  ol  'standard'  smoke  injury  on  lung  parenchyma 
(review  I    36:1211 
Software  Reviews:  ,Uso  see  Computers  &  Computing 

The  Flow- Volume  Loop — Applied    36:871 
.Special  Care  I'nits 
\  enlilator-dependencv:    Special    care    units   for   ventilator- 
tlependenl  p;ilienls    36:199 
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Sputum  Induction 

PCP:  Sputum-induction  technique  I'lir  diagnosing  PC?  in  HIV- 
infected  patients    36:33 
Statements,   Orficial:    See   Cuidelines,   Statements,    & 

Kecommendutions 
Students 
Attitudes  &  knowledge  of  RT  students  toward  elderly  affect 

care  they'll  provide    36:1398 
Literacy :  Education  of  RC  students  should  uiipart  professional 

literacy  (editorial)    36:1083 
Symposium  Proceedings:  See  Conference  &  Symposium 

Proceedings 
Suction,  Suctioning,  Suction  Devices  &  Supplies 
Adapter:    Bench  e\aluation   of  Novanietrix   Neonatal   C/D 

Suction  Adaptor  during  HFV    36:40 
Ballard    closed-circuit    suction    catheter's    effectiveness    in 

secretion  removal    36:844 
Catheters:   Are  directional-tip  suction  catheters   worth   the 

money'  (letter)    36:318 
Matrx  Medical  Inc  officer  notes  that  his  firm  offers  optional 

regulator/gauge  for  Matrx  suction  system  (letter)    36:1167 

|ASRA|    36:259 
Portable    devices:    Comparison    of   performance    of   three 

portable  electric  suction  systems   36:259  [ASRL]    36:1167 
Portable  suction  system's  performance  criteria  should  more 

accurately  reflect  clinical-use  conditions  (letter)    36:1167 

[ASRAl    36:259 
Preoxygenation:  Comparison  of  two  methods  of  preoxyge- 
nation during  ET  suctioning    36:1195 
Surfactant 
Neonatal    RDS:    Role  of  surfactant    in   treatment   of  RDS 

36:283,  36:695 
Smoke   injury   destroys  or  deacti\ales   surfactant   (re\ie\\) 
36:1211 
Synchronized  Intermittent  Mandatory  Ventilation  (SIMV) 
Noninvasive  monitoring  during  SIMV  &  T-piece  trials  after 

cardiac  surgery    36:837 
Weaning:  Usefulness  of  Pgtco,  during  SIMV  &  T-piece  trials 

following  cardiac  surgerv     36:837 
WOB:    Relationship    between    WOB    &    percentage    of 

ventilatory  support  provided  by  SIMV  (report)    36:45 
Swan-Ganz  Catheterization:  See  Catheterization,  Central 

Venous  &  Heart 
•'Test  ^'our  Radiologic  Skill"  (TYRS)  Feature  (brief  case 
reports  including  radiographs,  with  questions,  answers, 
discussion) 

Ankylosing  spondylitis's  radiographic  presentation    36:864 
Aspiration  of  foreign  body  associated  with  MDI  use    36:1428 
Baby,  why  are  you  so  tired'    36:1 16 
Increased  SOB.  purulent  sputum.  &  fatigue  in  a  patient  wuh 

spinal  arthritis    36:864 
Interstitial  lung  disease  in  long-term  coexistence  with  pleural 

effusion    36:310 
Pediatric  blunt  trauma  radiographic  findings    36:63 
Pleural  effusion  in  long-term  coexistence  with  interstitial  lung 

disease    36:310 
Pleuritic  chest  pain  &  exertional  dyspnea  in  a  middle-aged 

smoker  =  Churg-Strauss  syndrome    36:1239 


Pneumothorax  &  pneumomediastinum  postoperati\ely  in  4- 

year-old  girl    36:761 
Pulmonary    artery    catheter    misplaced    during    cardiac 

catheterization    36:435  (Correction    36:764) 
Right  hemiiliaphragm  paralysis  as  possible  complication  of 
central  \enous  catheterization    36:222 
Toxicity 
Pentamidine:    Toxicology    of   the    antimicrobial    aerosol 

pentamidine    36:1008.36:1026 
Ribavirin:  Toxicology  of  the  antimicrobial  aerosol  riba\irin 

36:1008,36:1026 
Smoke:  Toxicology  ol  smoke  inhalation  (review)    36:1211 
Toxic  O;  radicals  from  smoke-injury  damage  lungs  (rc\iew) 
36:1211 
Transport  of  Patients 
Infants  &  children:  Respiratory  care  in  transport  of  critically 
ill  &  injured  infants  &  children    36:720 
Trauma 
Blunt  trauma  in  a  child:  Radiographic  findings  (T'^i'RSi    36:63 
Smoke  iniury's  acute  effects  on  lung  parenchsma  (review) 

36:1211 
Transport:   Respiratorv   care  in  transport  of  criticalh   ill  & 
iniured  infants  &  children    36:720 
Tuberculosis 
Aerosol  therapy:  Preventing  tuberculosis  transmission  during 
aerosol  therap\     36:1017 
Tubes,  Endotracheal 
Suction  adapter:  Bench  evaluation  of  Novametrix  Neonatal 
C/D  Endotracheal  Tube  .-Xdaptor  during  HFV    36:40 
Urticaria 
Albuterol  aerosol  inhalation  is  followed  by  urticaria  (case 
report)    36:357 
\entilation.  Mechanical:  See  Mechanical  \entilation  (MV) 
Ventilation-Dependency 
Diagnostic:  Use  of  modified  manual  resuscitator  during  MRl 

in  ventilator-dependent  pediatric  patients    36:1207 
Placement    alternatives    outside    the    ICU    for    ventilator- 
dependent  patients    36:199 
\'entilators.  Mechanical:  See  Mechanical  Ventilators 
\  entilatory  Mu.scles:  See  Muscles  of  V  entilation 
V  entilatory  Reserve 
Determination   of  ventilatory   reserve   in   patients  on   MV: 
Comparison  of  techniques    36:1085 
Weaning  from  \'entilatory  Support 
■Auto-PEEP  during  weaning  (rev  iev\ )    36:45 
End-tidal  Pco/s  usefulness  in  weaning  from  MV  following 

cardiac  surgery    36:837 
Flow-by  mode  of  Puritan-Bennett  72()Oa  ventilator  compared 
to  T-piece  mode  during  weaning  of  postsurgical  patients 
from  MV    36:1119 
Muscle   rest:   Physiologic   rationale   for  resting   ventilatory 

muscles  during  MV  to  facilitate  weaning    36:290 
Nutritional  support  can  be  critical  in  weaning  from  ventilator)' 

support  (editorial)    36:1193 
Strategies  to  enhance  vveanability    36:186 
Technique:    Does   weaning   technique   make   a  difference? 

36:407 
Unweanabihty:  Establishing  clinical  unweanabilit)     36:186 
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Ventilatory  reserve:  Determination  of  ventilatorv  reserve  as  Mechanical  ventilators:  WOB  during  CPAP  &  PSV  imposed 

an  aid  in  weaning  from  vcntilatiiry  support — A  comparison  on  a  lung  model  by  new-generation  mechanical  ventilators 

of  methods    36:1085  36:815 

Work  of  Breathing  (WOB)  SIMV:  Relationship  between  WOB  &  percentage  of 

Current  ventilators:  Do  current  ICL'  ventilators  help  patients  ventilatory  support  provided  b\  SIMV  (report)    36:45 

more  with  WOB .'    36:362  (Correction    36:764)  Weaning:  Considerations  of  WOB  in  weaning  technique 

36:4()7 
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Notices 


THE  ALLKN  AND  HANBURYS  PUBLICATIONS  AWARDS  FOR  1991 

1 .  $2,000  fur  the  best  original  paper  ( study,  evaluation,  or  case  report )  accepted 
for  publication  in  RlSPlRAl()K^  Caki-  from  November  1990  through  October 
1991. 

2.  Four  awards  of  SI. 000  each  tor  papers  based  on  1990  Open  Fori'M 
presentations  accepted  for  publication  in  Rhspiraiok^  Care  from  November 
1990  through  October  1991. 

3.  Five  awards  of  .S300  each  for  the  best  papers  isuhmitled.  not  necessarily 
published)  from  'never  published  in  RC  Open  Forum  participants.  The  author 
must  present  the  abstract  at  the  .Annual  Meeting  and  must  submit  a  paper  based 
on  the  abstract  before  the  Annual  Meeting  (received  in  the  Editorial  Office  by 
December  I ). 


RE(;iSTRATION  RKIMKl  RSKMENT 

K)R  Opks  I  OKI  M  PAPERS 

Any  I99I  Open  Forum  presenter  (or  co-author  designee)  who  submits  an 
adequately  prepared  paper  based  on  his  or  her  Opi-:n  Forum  presentation  prior 
11}  or  or  Ihe  1991  .Annual  Meeting  will  be  reimbursed  tor  .-Xunual  Meeting 
registration.  The  submitted  paper  must  contain  complete  data,  be  appropriately 
organized,  and  be  t>ped  double-spaced.  Camera-ready  artwork  need  not  be 
submitted  \%ith  the  paper,  but  sketches  of  proposed  figures  should  be  clear  and 
detailed  enough  to  allow  critique. 

RADIOMETER  AMERICA 

Radiomeler  America  Inc  is  ottering  Ihrec  avvards  of  S333  each  lor  the  best 
features  from  (1)  Test  Your  Radiologic  Skill.  (2)  Blood  Gas  Corner,  and  (3) 
PFT  Corner  accepted  for  publication  from  November  1990  through  October 
19MI. 

The  awards  will  be  made  at  the  1991  Annua!  Meeting.  Papers  are  judged 
automatically.  No  application  is  necessary. 


AARC  ANNUAL  CONVENTION  SITES  &  DATES 

1992 — San  Antonio.  Texas.  December  12-^5 
199."^ — Nashville.  Tennessee.  December  11-14 
1994— Las  Vegas.  Nevada.  December  12-L'i 
1995— Orlando.  Florida.  December  2-5 


PUBLICATION  OF  INTEREST 

"Children's  Exposure  to  En\iroiimcnlal  Cigarette  Smoke  Before  and  .After 
Birth— Health  of  Our  Nation's  Children.  1988."  MMWR  I991;40:5(>4 

Single  copies  of  this  document  are  available  from  the  .Scientific  and  Technical 
Information  Branch.  NCHS.  CDC.  Room  1064.  6525  Belcresl  Road.  Hyattsville 
MD  21)782.  (.1(11)  4.^6-8500 


THE  NATIONAL  BOARD  FOR  RESPIRATORY  CARE— 1992  Examination  and  Fee  Schedule 


CRTT  Examination 

EXAMINATION  DATE: 
.Applications  .Accepted  Beginning: 
.Application  Deadline: 

EXAMIN.ATION  DATE: 
Applications  Accepted  Beginning: 
Application  Deadline: 

EXAMINATION  DATE: 
Applications  Accepted  Beginning: 
Application  Deadline: 

RRT  Examination 

EXAMINATION  DATE: 
.Applications  .Accepted  Beginning: 
.Application  Deadline: 

EXAMIN.ATION  DATE: 
Applications  Accepted  Beginning: 
Application  Deadline: 

RPFT  Examination 

EXAMINATION  DATE: 
Applications  .Accepted  Beginning: 
Application  Deadline: 


Perinatal/Pediatric  Examinalion 


CPFT  Examination 


EXAMINATION  DATE: 
.Applications  Accepted  Beginning: 
.Application  Deadline: 


MARCH  14.  1992 

November  1.  1991 

January  I.  1992 

JULY  IS.  1992 

March  1.  1992 

May  I.  1992 

NOVEMBER  14.  1992 

July  I.  1992 

September  I.  1992 


JUNE  6.  1992 

December  I.  1991 

February  I.  1992 

DECEMBER  5.  1992 

June  I.  1992 

August  I.  1992 


DECEMBER  5.  1992 

July  I.  1992 

September  1.  1992 


JUNE  6.  1992 
December  1.  1991 

April  1.  1992 


EXAMINATION  D.ATE: 

MARCH 

14.  1992 

Applications  Accepted  Beginning: 

Ju 

y  1.  1991 

Application  Deadline: 

Novcinbi 

r  1.  1991 

Application  Fee: 

$150 

Reapplication  Fee: 

$1.10 

Fee  Schedule 

Entry  Level  CRTT— new  applicant: 

$  90.00 

Entry  Level  CRTT — reapplicant: 

$  6000 

RRT  Written  and  Clinical  Simulation — 

new  applicant: 

$190.00 

Written  Registry  Onh— new  applicant: 

$  90.00 

Written  Registry  Only — reapplicant: 

$  60.00 

Clinical  Simulation  Only — new  and  reapplicant: 

$100.00 

Entry  Level  CPFT — new  applicant: 

$100.00 

Entry  Level  CPFT — reapplicant: 

$  80.00 

Advanced  RPFT — new  applicant: 

$150.00 

Advanced  RPFT— reapplicant: 

$1.10.00 

Active 

Inactive 

CRTT  Recredenlialing: 

$25.0{) 

S  60.00 

RRT  Recredenlialing: 

Written  Registry  Examination 

$25.00 

$  60.00 

Clinical  Simulation  Examination 

$65.00 

$100.00 

CPFT  Recredentialing: 

$25.00 

$  80.00 

RPFT  Recredentialing: 

$25.00 

$130.00 

P/P  SPEC: 

$25.00 

$  1.10.00 

Membership  Renewal:  CRTT/RRT/CPFT/RPFT 


$   12.00 


8310  Nieman  Road  •  Lenexa.  Kansas  66214  •  (913)  599-4200 
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G  D  Medical  Director 
H  D  Anesthesiologist 
I    D  Other  MD 
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V.  Are  you  a  member  ol  the  AARC1 

1  C  Yes 

2  n  No 


I.  Type  ol  inttn/PracUce 

1  D  Hosp  500  or  more  beds 

2  D  Hosp  300  to  500  beds 

3  D  Hosp  200  to  300  beds 

4  D  Hosp  100  10  200  beds 

5  D  Hosp  too  Of  less  beds 

6  D  Clinic/GfOup  Practice 

7  C  Independent  RT  Provider 
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2  G  No 
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Use  these  cards 
to  request 
information  from 
the  AARC  or 
advertisers  in 
this  issue. 


The  best  monitor  is  a  reliable  monitor.  MiniOX*  oxygen 
monitors  deliver  month  after  month  of  accurate  readings 
with  virtually  no  instrument  downtime. 

At  the  heart  of  MiniOX  reliability  is  the  most  durable  oxygen 
sensor  made.  It's  warrantied  for  a  full  year.  While  other 
oxygen  monitor  manufacturers  may  offer  similar  warranties, 
the  actual  MiniOX  performance  record  is  outstanding. 

MiniOX  oxygen  sensors  exceed  their  warrantied  lifetime.  That 
means  no  instrument  downtime!  And  that  also  makes  MSA 
Catalyst  Research  the  only  choice  when  you  do  need  to 
change  sensors  for  the  MiniOX  you  already  own. 

MiniOX  electronics  are  superior,  too.  Designed  simply,  yet 
built  for  demanding  applications,  they  are  trouble-free. 
Powered  by  a  standard  9V  alkaline  battery,  they  are  also 
convenient  to  maintain. 


MiniOX.  No  one 
monitors  oxygen  better, 


Thousands  of  respiratory  therapists  and  other  clinicians  have 
made  MiniOX  the  standard  in  oxygen  monitoring.  Why  use 
anything  less? 

For  more  information  call  1-800-851-4500. 


3706  Crondall  Lane 

Owlngs  Mills,  MD  21117 

301/356-2400 

Fax:  301/581-0346 


un  n 
iu.u 


MiniOX  //     1 

OXYGEN  MONITOR            1 

.0 0 

3 

4.CWALYST  RESEARCH 
LX     CORPORATION 

Circle  121  on  reader  service  card 


RESPIRADYNE'E 


PULMONARY   FUNCTION/VENTILATION   MONITOR 
Graphic  Printouts... Multi-Patient  Memory.. .and  Easy  to  Use 

Results-Oriented  Features  At  Cost  Effective  Prices 

■   New  Graphic  Forced  Vital  Capacity  IFVC)  document  printout  of  Flow  vs  Volume  and 
Volume  vs  Time  ■  New  10  patient  memory  with  8  pre-bronchodilator  and  8  post- 
bronchodilator  tests  per  patient  and  automatic  calculation  of  %  change  ■  New  customizing 
software  package  ■  New  Slow  Vital  Capacity  (SVCl  monitoring  ■  Automatic  determination 
of  "best  test     ■  Knudson.  ITS  and  ECCS  reference  nomograms  ■  Easy  to  operate 


Performs  A  Complete  Range  Of  Test  Measurements 

Forced  Exhalation  Parameters 

■  Forced  Vital  Capacity  IFVC)  ■  Forced  Expiratory  Volume  in  One  Second  (FEV I 

■  FEV,  / FVC  Ratio  ■  FVC  Time  ■  Peak  Flow  ■  Forced  Expiratory  Flow  Between  25% 
and  75%  of  Vital  Capacity  (FEF  i-,.-,-,^}  ■  Percent  Extrapolated  Volume  (Vol.  ,„,,^| 

Weaning /Extubation  Parameters 

■  Respiratory  Rate  IRRI  ■  Tidal  Volume  ITVI  ■  Minute  Volume  (MV)  ■  Slow  Vital 
Capacity  ISVCl  ■  Maximum  Voluntary  Ventilation  (MVVl  ■  Negative  Inspiratory 
Force  IN  IF) 


For  further  information,  call: 


1-800-325  7472  (outside  Missouri) 


1-800-392  7318  (in  Missouri) 


A  SherujODd 

^^ MEOICBL 


ST  UU&  MO  63C9  USA 


Circle  134  on  reader  service  card 


